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ABSTRACT 


A itudy was made of the biological fate and persistence of radioactive fall-out relative 
to the physical characteristics of fall-out contamination, which varied with distance from 
Ground Zero (GZ). Special attention was given to the type of tall-out contamination on forage 
plants as representative of the internal emitters available to animals grazing in fall-out- 
contaminated areas. 

Data indicated that the activity associated with the plant samples collected from areas 
within the various fall-out patterns was predominantly the result of external contamination by 
radioactive fall-out particles less than 44 p in diameter. The degree of plant contamination 
was a function of the mechanical distribution of the particles less than 44 p in size within a 
distance of 100 miles from GZ, which was in turn influenced by such conditions of weapon 
detonation as tower heiglt and meteorology. The radioactive fall-out material on plant foliage 
was persistent, as evidei ced by the activity remaining on leaves after washing in Versene and 
0.1N HC1 solutions and a ter mechanical shaking brought about by severe windstorms. An aver¬ 
age of 21.6 per cent of tl e contamination on washed leaves was soluble in 0.1N HC1, which sug¬ 
gests that a similar pen entage of the fall-out material ingested by grazing animals would go 
into solution in the diges ive tract. 

The tissue burdens (f mixed fission products in animals sampled from fall-out-contami¬ 
nated environments tendi d to decrease with distance from GZ in a manner similar to the de¬ 
gree of plant contamination. However, the beta activity per unit weight of femur tended to 
remain fairly constant to a distance of 140 miles from GZ. The thyroid showed a greater tis¬ 
sue burden of radioiodine at 60 miles than at either 12 or 140 miles from GZ. 

Tiie relative decrease of total beta radiation in tissues of native animals serially sampled 
from the same fall-out-contaminated environment in most cases did not markedly deviate from 
the theoretical beta raciiGictive decay rate oi mixed fission products (t~ 1,1 ). The beta activity 
per unit weight of femur, however, gradually increased until 3 days postshot and then de¬ 
creased. The thyroid activity continued to rise throughout the 15-day sampling period. Iodine- 
133 is believed to contrib tte largely to the thyroid burden during the first 3 days following the 
detonation. 

In all cases, animals with high activity in the gastrointestinal contents also had relatively 
high tissue burdens wheroas animals with low activity in the gastrointestinal tract had low 
tissue burdens. This suggested that inges* on was the principal source of fission products ac¬ 
cumulated in tissues. The data further indicated that, in a population of animals grazing in a 
fall-out-contaminated env.ronmem, a rapid equiiibr.um between the absorbed activity and that 
passing through the gut mly have been established within the first 2 days following fali-out. 

Data suggested that inhalation was a negligible path of uptake of fission products derived from 
weapons testing du’ing, ant' for 12 hr immediately following, fail-out contamination. 

The accumulation of usslon prouucts by grazing animals was related to particle size, and, 
because the plant acted as a selective collector for very small fall-out particles (predominant! 
less than 44 j in diameter , the intake of radioactive bomb debris by animals during grazing 
tended to be similar over i great distance and apj eared to be independent of total residual 
fail-out 
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The amount of any specific fission product present in the environment is dependent in part 
upon the physical and chemical behavior of its parent during fall-out pirticle formation. There¬ 
fore, the amount of any specific isotope at any particular location within the fall-out pattern 
will be highly variable, and the occurrence of areas in which the biological accumulation of that 
isotope is hicrh may be anticipated. 
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Chapter 1 


INTRODUCTION 


1.1 OBJECTIVES 

The purpose of this investigation was to study the lactors influencing the biological fate 
and persistence of radioactive fall-out materials in areas adjacent to the Nevada Test Site 
(NTS). Data have been obtained pertaining to the following phenomena: 

1. The biological accumulation of radioactive materials derived from nuclear detonations 
as functions of distance of the sampling station from Ground Zero (GZ), radioactive particle- 
size distribution, and fractionation of fall-out material as it may vary with distance from GZ. 
These data included determinations of total uptake of fission products in animals, sites of 
retention, rates of clearance, and isotopic identification of some contaminants. 

2. The persistence of radioactive fall-out material on plants and in animals living in con¬ 
taminated environments. 

'j. The availability of fall-out materials to plants under various conditions of contamina¬ 
tion. These studies included cropping of contaminated soils, foliar retention, and uptake of 
raaioactive materials from soils treated with organic matter exposed to fall-out materia’s. 

4. Evaluation of inhalation as a significant phenomenon in the uptake of radioac tive f ill- 
out in actval fall-out areas. 

5. The percentage distribution of the total-body burden of certain lissiin products in the 
tissues of animals exposed to fall-out at various distances from GZ. 


1.2 BACKGROUND 

Previous studies of the biological fate and persistence of radioactive fall-c at resulting 
from continental detonations of nuclear weapons have revealed the following: 

1. Radioactive fall-out is immediately available to animals and is accumulated and/or 
metabolized in microcurie levels of concentration 1,: 

2. Radioactive fall-out is persistent .n the environment over a period of years. 1-4 

3 Radioactive substances re*, ’ting from fall-out contamination are persistent in meta¬ 
bolic sysU ,us for a period of years, apparently in equilibrium with the environment. 7-4 

4 The total biological burden of fission products 1 year or more after initial contamina¬ 
tion by radioactive fail-out is similar (within the fall-out pattern) throughout a distance of at 
least 138 miles ,|, om GZ. There is a tendency for (he body burden of ceitain radioactive ele- 
menls in native rodents to increase with distance from GZ.* 4 •* 

These data and studies of the physical and chemical nature of fall-out materlij 7 have led 
to the assumption that biological availability of fall-out material is a function of tie physical 
state of fall-out. the isotopes present, and the method of biological uptake (i e , ingestion, 
inhalation, root uptake, and foliar absorption’ 
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Fall-out materials resulting from continental detonations have been characterized as 
particulate in nature, consisting principally of fused, siliceous or magnetic beads; however, 
there are exception^ , '* There is a real possibility that large particles as such do not con¬ 
tribute appreciable amounts of available radioactivity for uptake by plants and animals, 1,2 but 
these large particles may act as carriers for smaller and more readily available particles 
(which may range in size from molecular to a few microns) adsorbed on their surfaces. These 
adsorbed particles may be easily dissociated from the large particles by moisture in the air, 
on the ground, or in the lungs or digestive tracts of animals. There is no real evidence that 
this does not account for the apparent solubility of some large fused particles studied. This 
supposition is borne out by the trail of radioactive material left by large particles bouncing 
across a gummed paper, 10 by the radioactivity measured as soluble in rain water at Hanford 
Works, 11 by the presence of very fine particles within a few miles of GZ, T and by the high 
Incidence of radioiodine within a few miles of GZ. 2,12 

Evaluations of human hazards resulting from fall-out contamination are generally made 
on the assumption that fall-out materials, whatever their physical nature or distribution, are 
homogeneous and follow the typical mixed-fission-product decay function (t~ 1,2 ). However, 
physical characteristics of fall-out particles, such as solubility, have been shown to vary from 
2 to 75 per cent.* Some particles are magnetic; others are not. 1,0,13 Fractionation of fission 
products among fall-out particles and as a function of particle size has also been demonstrated 
(references 7, 9, and 14-18). The gamma decay rate of fall-out material has been observed to 
deviate significantly from the t -1 ' 2 decay factor.* These observations tend to support an op¬ 
posite contention: Fall-out materials are not homogeneous with regard either to physical state 
or isotopic content. With such variability, it is doubtful if the present data are adequate for 
the proper evaluation of biological hazards, particularly if it is realized that the concentrated 
effort of describing the nature of fall-out material has been restricted chiefly to large par¬ 
ticles, whose relative biological significance is thought to be low. 

It has been stated that biological availability is a function of the solubility of fall-out ma¬ 
terials. 1,12 This suggests that availability of fission products from fall-out particles is a 
function of their surface/mass ratio; or, in other words, the smaller the particle, the greater 
its potential solubility and biologlca' .significance. It has been demonstrated by particle-size 
analysis of fall-out materials that a proportionately larger number of small particles occur 
with increasing distance from GZ 7 It then follows that the solubility (biological availability) 
of fall-out materials may actually increase with distance, although the total radioactivity falls 
off very sharply. The validity of such an assumption is supported by data obtained during 
Operation Upshot-Knothole which showed that animals collected 31 miles from GZ contained 
greater amounts of radioactive material than animals sampled 16 miles from GZ, although the 
environment at 31 miles received much less contamination. 2 Data from four stations between 
Yucca Flat and St. George, Utah, revealed that the accumulation of radiostrontium in animal 
bones as measured 1 year after contamination was approximately five times greater in the 
St. George area (130 miles distant) than within 5 miles of GZ.' 

The biologically significant areas in terms of exposure to external radiation may be rela¬ 
tively limited in time and distance from GZ However, the effects of internal radiation as a 
result of absorbed and or metabolized radioactivity must be considered in terms of the entire 
fall-out pattern over whatever area or distance it is detectable. The time span of concern will 
be dictated by the biologically significant isotopes of long half lives At the present time, 
radi istrontium (Sr**) and radlocesium (Cs 157 ) arc the critical elements because of their rela¬ 
tively high fission yield or abundance, their biological availability, and their >ong half lives. It 
has been demonstrated, however, that the total Metabolized radioactive materials in animals 
1 year after contamination cannot be accounted for by radiostrontium or radiocesium alone 
Due attention must be given the short end medium half-life isotopes that may be contributing 
to the total-body load; notable examples are radioiodine, radiobarium, and radioruthenium 1 " 
Except for the original Alamogordo survey, 1 ' 4 data sre conspicuously absent regarding levels 
of residual alpha radiation resulting from fall-out conta.ii motion 

It is possible that many of the data reported which discount irhalation as a significant path 
of uptake are the result of inadequate sampling of air-borne material. It is interesting to note 
that reports of previous air-sampling programs usually r,re prefa ed by a discussion of the 


inadequacies of the samplers used. Apparently no sampler has yet been designed for field use 
which will secure a random sample of an aerosol. The fact that inhalation may be worthy of a 
detailed study was suggested by experiences during Operation Buster-Jangle. 10 Although meas¬ 
ured air-borne concentrations were considered below the maximum permissible level, the fol¬ 
lowing statement was made: 

Of particular interest in both Jangle shots was the amount of extremely radioactive air-borne 
dust which could pass a given point without leaving any significant deposition on the ground. It is well- 
known that the dust cloud following the second shot went to the north with a low velocity wind and 
seemed to hang in the valleys. However, it is not so generally known that in the late afternoon the 
wind reversed and the dust returned and passed directly over the Control Point. By this time It had 
a mean particle size of poproxlmately 0.1 n but was sufficiently active in raising the background so 
that all counting activities had to be discontinued for the night. Filter papers on which some of the 
material was collected were too hot to count even on the following day. 

Muzzled animals that were exposed during Operation Jangle shots at 2000 and at 5000 ft 
from GZ seemed to reflect a minimum uptake. 1 From the report, it appears that the animals 
were not subjected to this second exposure in the late afternoon. If not, then a minimum uptake 
from the first exposure period would be predicted (p? rticularly from inhalation) on the basis 
that the smaller particles of inhalable size were carried farther from GZ into areas where 
there were no muzzled animals placed for exposure. To elucidate further the significance of 
inhalation of fail-out particles as a contributing source of uptake of radioactive materials, it 
appeared that further inhalation studies should be conducted by exposing experimental animals 
to fall-out materials at various distances from GZ. Furthermore, it seemed important to ob¬ 
tain quantitative data from the field to describe just what part of the body burden can be at¬ 
tributed to inhalation and whether this fraction changes with distance. 

Related to the problem of uptake of radioactive fall-out materials through ingestion by 
animals is the question of foliar retention of radioactive materials by plants. In both cases, 
fall-out particle size and/or the fission products adsorbed on it may be the principal influ¬ 
encing factors. Previous investigations by this laboratory of native plarts contaminated with 
fall-out have revealed the presence of persistent radioactive materials of which significant 
amounts can be washed from the plant foliage, thereby suggesting that the principal source of 
contamination is retained externally on leaf surfaces in the form of particulate matter. 2,11 
Studies of plants grown on soil flats contaminated by direct exposure to fall-out and plants 
grown under greenhouse conditions on soils artificially contaminated with radioactive fall-out 
materials have shown that certain amounts of fission products will be accumulated internally 
by plants. 1 The factors influencing these phenomena require further definition. 

A leaf surface may bt considered as a special type of collector, with the efficiency of col¬ 
lection depending upon the characteristics of the leaf surface, namely, sticky, hairy, rough, or 
smooth. It is probable that plants contaminated by radioactive fall-out retain in significant 
amounts only those particles below a certain maximum size instead of equal contributions 
from the total particle -size range. Because of the decrease in average particle size with dis¬ 
tance, similar types of leaves should tend to retain radioactive fall-out more representative 
of the total environmental contamination with increasing distance from GZ. Such a phenomenon 
may resuit in a selective mechanism v hereby only a certain maximum particle size is retained 
by plants over a relatively iarge distance. If particles retained on leaf surfaces have similar 
physical and chemic al properties and ;<re the principal radioactive contaminants ingested by 
grazing animals, then or.e would piecUct that the total-body burden of radioactive materials in 
animals grazing in fall-out areas would be similar over a wide range of conditions. 

Experience during Operation Upshot-Knothole led to the conclusion that the total-body 
burden of radioactive fission prooucts in animals exposed to fall-out could b<* almost entirely 
accounted for as a result <>i ingestion of range forage. 1 Therefore, if this be true, it then be¬ 
comes important to determine whether or not specific size fractions of fall-out are collected 
on foragf plants, if so, in wtv.t concentrations; and, further, what the biological significance of 
the contamination is to animals grazing the iru and to the plant itself in terms of foliar 
absorption 
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1.3 OPERATIONS 


Biological sampling conducted during Operation Teapot was done under the administrative 
direction of Project 37.1, Program 37, of the Civil Effects Test Group (CETG). It should be 
emphasized that biological data have limited value without detailed physical measurements of 
fall-out describing the total environmental contamination. Similarly, the physical measure¬ 
ments lose perspective without correlation with biological fate and effect. Therefore, Program 
37 consisted of three closely integrated projects: (1) Project 37.1, primarily concerned with 
the biological fate and persistence of radioactive fall-out; (2) Project 37.2, primarily concerned 
with the physical and chemical properties of fall-out and the factors influencing fall-out dis¬ 
tribution; and (3) Project 37.3, primarily concerned with the critical evaluation of inhalation 
as a path of uptake of radioactive fall-out materials. ' 

The persistence of radioactive fall-out contamination in areas adjacent to NTS is a part 
of the continuing research program of the Environmental Radiation Division, Department and 
Laboratories of Nuclear Medicine and Radiation Biology, University of California at Los 
Angeles (UCLA). It is anticipated that periodic sampling of contaminated environment in this 
area will continue as long as practical to extend studies iniiiatea in 1951. 
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Chapter 2 


PROCEDURES 


2.1 SAMPLING AREAS 

Native soil and plant and animal samples were collected from areas adjacent to NTS out 
to distances of about 20u miles from GZ. Three to four sampling areas were oriented along 
the precacted and actual midlines of fall-out patterns from Tesla, Apple I, Met, and Apple II 
detonations. The midline oi a fall-out pattern was defined as a line extending from GZ to the 
most distant station which joins the highest levels of radiation measured at each distance from 
GZ. 

Environmental conditions of the sampling areas varied from those of flat desert-*ype val¬ 
leys to dense pifion pine and juniper forests characteristic of the northeastern quadrant adja¬ 
cent to NTS. In some cases, sampling areas were adjacent: to such agricultural centers as 
Alamo, Nevada, and St. George, Enterprise, and Cedar City, Utah. A typical sampling station 
showing the prelocation of soils, plants, and animals is shown in Fig. 2.1, and Fig. 2.2 shows 
the types of soil flats and animal rest ruining cages used fer the prelocation studies 

2.1.1 Soils 

The soils, in the virgin areas are relatively young and mderdeveioped and vary markedly 
in their physical and chemical characteristics. The surface soils are typually pinkish gray, 
light grayish brown, or gray in color, and low in organic muter. The subsoils are somewhat 
lighter in color and may be calcareous. The alluvial valley soils have become moderately to 
highly saline, with pH levels of 7.5 to 8.5, through an accumulation of soluble salts under and 
conditions. Most of the land is presently used only for livestock-grazing range with low carry¬ 
ing capacity. 

2.1.2 Plants 

Native plant species collected from one or more of the sampling areas are listed in Table 
2.1 according to genus, common name, and some leaf-surface characteristics Some examples 
are shown In Figs. 2.3 and 2.4. 

In most of the sampling areas, the perennial plants remain dormant until late it. April 
Most of these shrubs are grazed by livestock, and their seeds, bark, and tender succulent 
shoots provide food for the rodent and rabbit population Annnal plants begin germination n. 
late April or early May, depending on the availability of moisture. The foliage of many of the 
plants provides numerous crevices in which fall-o'>t materials may lodge This is particularly 
true of toe scalellke foliage of juniper and the sticky resinous foliage of creosote bush 

2.1.3 Animals 

Small animala found in most sampling areas Included kangaroo rats, lupodomvs; white¬ 
footed mice Peromvscus; and jack rabbits, Ltfms. Also present in many localized areas were 
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Fig. 2.1 —Typical sampling station showing the position of prelocated soil, plant, and animal 
specimens (left background) rotative to the air-sampling equipment of Project 37.2. 



Fu 2.2 — Project .17.1 sampling station showing the types of mil flats and animal restraining 
cages used for prc'.ocatton studies. 
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TABLE 2.1 —DESCRIPTION OF PLANT SPECIES SAMPLED IN 
THE ENVIRONS OF NTS 


Geaus 

Common name 

Leaf-surface characteristics 

Anemone 

Desert windflower 

Scurfy (branlike scales) 

Aquilegia 

Columbine 

Scurfy 

Artemisia • 

Sagebrush 

Dense, matted, unbranched 
hairs and glands 

Atriplex 

Shad scale 

Scurfy 

Craxolkus 

Deer brush 

Bald or glabrous (not hairy) 

Ckrysotkamrrus 

Rabbit brash 

Covered with soft woolly hairs 

Colrogyne 

BUckbrush 

Surface covered with fine 
white hairs 

Bras sica 

Mustard 

Short, dense hairs, scurfy 

Ephedra 

Mormon tea 

Scaleilke, muriculate branches 

Eriogonunt t 

Wild buckwheat 

Dense, stiff, unbranched hairs 

Er odium 

Fillaree 

Scattered hairs, concentrated 
toward margin 

Be Hand, us 

Sunflower 

Hairs on veins and at margins 

Larrea 

Creosote bush 

Very resinous 

Lepidium 

Peppergrass 

Glabrous and glaucous 

Mirabilis 

Four-o’clock 

Smooth, glabrous surface 

Oenoticra 

Desert primrose 

Dense, long, unbranched hairs 

Qryzobsis* 

Bunch grass 

Sparse barblike hairs 

Penstimon 

Scarlet bugler 

Smooth waxy surface 

Sphaeralceai 

Bush mallow 

Dense stellate hairs 

Stanleya 

Desert plume 

Rough epidermis, no hairs 

Jvniperus 

Juniper 

Sca^elike, imbricated 

Viola 

Violet 

Smooth glands at base 


* See Fig. 2.3. 
t See Fig. 2.4. 


cottontail rabbits, Syivilagus; pocket mice, Perogtmthus; wood rats, Neotoma; and antelope 
ground squirrels, Citellus. In a few areas were found western harvest mice, Reitkrodontomys 
n "gaiotis; southern grasshopper mice, Onychomy torridus ; and kangaroo mice, Microdipodops. 

Of these small animals, all except the rabbits and ground squirrels normally sperd the 
daylight hours ii their burrows, which they usually plug with soil. These nocturnal species 
feed mainly on the seeds of the native plants. The ground squirrels have similar food habits, 
but they normally forage during daylight. Rabbits feed mainly during the early morning and 
evening hours o:i succulent vegetation, and they may range over a half-mile-square area or 
more. 

The nocturnal burrowing forms will rarely be aboveground during the period of faB-out 
from test shots detonated predawn, and, since they live underground during daylight, they will 
be shielded from the radiation field during the acute period of contamination In contrast, rab¬ 
bits are exposed continuously when they are in fall-out patterns. The foraging activity of jack 
rabbits, however, may take them in and out of maximum fall-out areas during the urst several 
weeks, making it difficult to estimate an integrated radiation dose over an extended period ol 
time. 

2.2 PTaNT AND SOIL EXPERIMENTS 

2.2,1 Sampling and Radioassay of Na'ive and Domestic Plants 
and Soils Exposed to Fall-out Materials 

Background soil and plant samples were collected prior to fall-out time at the Project 
37 2 master stations. 1 Subsequent to fail-out arrival, three species of forage plants, when 
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Fig. 2.3—i*) Les? surface of bunch grus (Ory»op*is hymenouUi) showing the sparce barblike 
hairs. 120>;{b) leaf surface of Crest Basin sage (Aitemitia tridenSata) showing the dense 
matred hairs. 120 *. 
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(b) 


Fig. ‘2.4—(a) Leif surface of bush mi)low (Sphaeralna) showing the dense stellite hiirs, l'20x ; 
(b) leaf surface of the wild buckwheat (Eriugomm) showing rh* dense, stiff, unbianched hairs, 
120 x. 
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available, were collected from these master stations :md from other sampling areas delineated 
on the basis of postshot monitoring. Levels of surface-soil contamination were determined 
preshot from three samples of 1 sq ft taken from each sampling site. 

Apple n shot soil flats with 2- tc 3-month-old clover and wheat plants were placed across 
the predicted fall-out pattern at preshot-assigned stanons approximately 7, 48, and 106 it lies 
from GZ in conjunction with air-sampling stations from Project 37.2. Clover and wheat p ants 
were grown in large soil flats (22 by 22 by 8 in.) and in small soil flats (18 by 18 by 4 in.) filled 
with Tujunga fine sandy loam scil. One week prior to D-day, one-half of each large flat was 
liarveated in order to expose bare soil surface to fall-out materials. On P-1 day, one large 
flat each of red clover, turnip, and wheat was placed at each predetermined station location. 

In addition, two small fats of clover and one small flat of wheat were preiocated at each sta¬ 
tion. Subsequent to fall-out arrival (beginning about H + 6 hr), plant and soil samples were 
collected from contaminated Hats and processed as described in experiments included in Secs. 
2 .2.2 to 2.2.6. 

Except for slight modifications in counting equipment, the methods for radioassay of plants 
and soils have been previously described. 1,2 Briefly, plant materials were oven-<Med at 70°C 
and ground in a Wiley mill through a 40-mesh screen. Triplicate 0.5-g samples were counted, 
using an end-window Geiger-Mueller (G-M) tube (1.9 mg/cm 2 ). Observed counts were corrected 
for instrument geometry using a radium D + E reference standard. 

Soil samples were air-dried and sieved through a No. 10 screen. The coarse material 
(greater than 2 mm in diameter) was discarded since it contained negligible amounts of radio¬ 
active material compared to the total activity associated with the collected sample. A 100-g 
sample of the less than 2-mm fraction was placed in a 4- by 9-in. cardboard tray and counted 
using a gas-flow beta proportional counter. Observed counts were corrected for self-absorp¬ 
tion and instrument geometry. The sieved soil material was separated into 14 sized fractions 
by further sieving to determine the distribution of radioactive material as a function of particle 
size. 1 

2.2.2 Determination of Retention of Fall-out Materials on Plant Foliage 

A suitable number of leaves were removed at random from indicator plart species at each 
sampling location; the leaves were then mounted on gummed paper in prepared folders and 
stored in a botanical press. The prepared folders consisted of a sheet of clear cellulose- 
acetate gummed paper (7.3 mg /cm 2 ) and a sheet of botanical drying paper placed inside a 
Manila folder Leaf samples were mounted on the sticky side of the gummed paper, with their 
upper epidermic facing the gum and covered by the drying paper. This procedure formed a 
permanent mount that could be further processed without disturbing the position of fall-out 
materials on the leaf surfaces. 

The mounting of leaf samples is shown in Figs. 2.5 to 2.7, which show the following steps 
in the procedure: (1) stripping the protective covering from the cellur /de-acetate gummed 
paper fastened to Manila folders with masking tape; (2) mounting leaf samples on the gummed 
paper; and (3) covering the mounted samples with botanical drying paper, after which they 
were placed in a botanical press to dry. 

The mounted leaf samples were used to determine total radioactivity and the number and 
size of fall-out particles per unit area of leal surface by autoradiographic and optical tech¬ 
niques. Activity per unit area of leaf surface was determined by counting the mounted samples 
under a 4- by 9-in. gas-fiow chamber with a proportional scaier (Fig. 2.8). Observed counts 
were corrected for instrument geometry using a radium D+E reference standard. Leaf areas 
were measured with a polar planirneter. Eastman Kodak X-ray film (type K) was exposed to 
the mounted leaf samples for various time intervals, depending upon the amount of activity 
retained on the leaves. The number of particles was determined by counting the developed 
particle images at the different time exposures using a i -cm 2 grid and a light box. Particle- 
size ranges were measured with an ocular micrometer using a Leitz binocular microscope. 

The clear cellulose-acetate paper permitted measurement of the particles without having to 
remove them from the mounted leaf surfaces, 

Comparative studies were made on leaves of the various species oi native and domestic 
plants in order to correlate fall out-partlcie retention with leaf characteristics such as leaf 
hairs, giands, stomata, and other mechanical traps. 
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Fig. 2.5—Stripping protective covering from clear-backed cellulose-acetate paper. 



Fig. 2.6 — Mounting leaf sampie* on cellulose acetate paper. 
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Fig. 2.7—Covering leaf jumpier with botanical drying paper to form a permanent moint. 



Fig. 2.W — Counting the activity of fall-out particlei retained on leaf wrfacei tuing a 4- by 
9-ir gai-ilow chamber. 
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2.2.2 Decontamination of Plant Foliage by Washing and Wind Action 

Representative samples of fresh plant materials were divided into three replies tea and 
washed with water, 0.1N HC1, and 5 per cent Versene (ethylenediamine tetraacetic acid, or 
EDTA) solution by dousing the plant materials in these washing media for a total washing time 
of 10 min. After the samples were rinsed with distilled water, they were air-dried, ground, 
and radioassayed in order to assess the effectiveness of the various washing media in remov¬ 
ing radioactive fall-out materials from plant foliage. 

Alfalfa samples were collected from fall-out-contaminated agricultural areas both before 
and after severe wind dorms in order to measure the effectiveness of wind action in either 
removing fall-out materials from plant foliage or adding fall-out material through redistribu¬ 
tion of primary fall-out. 

Mechanical damage to the plant foliage as the result of the washing treatments made it 
impossible to make leaf autoradiograms to show a comparison between the number of panicles 
retained on the washed and unwashed leaves. Therefore, triplicate 0.5-g samples of the dried 
and ground, washed and unwashed tissues were radioassayed and spread evenly, as near to a 
single grain layer as possible, between two cellulose-acetate gummed papers. These samples 
were autoradiographed, and the exposed spots were counted as a means of obtaining a com¬ 
parison of the number of particles retained on plant foliage before and after the washing treat¬ 
ments 

2.2.4 Determination of Solubility of Fall-out Materials Retained on Plant Foliage 

Selected samples of oven-dried plant tissue contaminated with fall-out materials wer» 
treated with 0.1N HC1 solution to study the solubility characteristics of fall-out materials 
adhering to plant foliage. The procedure consisted in suspending 0.5-g samples of plant tissue 
in 10 ml of 0.1N HC1 solutions after the samples had been radioassayed. The samples were 
shaken intermittently for 20 min and then centrifuged for 15 min. The supernatant solution was 
filtered through a Schieicher and Schull membrane filter, after which the residue was resus¬ 
pended in 0.1N KC1 and the procedure repeated. The filtrate was evaporated in counting cups 
under infrared lamps and radioassa”ed. The residue was wet-ashed with concentrated HN'0 3 
and HC10 4 , transferred to counting cups in 0.1N HNO, solutions, evaporated to dryness, and 
radioassayed. To determine self-absorption correction factors, 0.5-g samples of the sr.me 
plant materials from which samples treated with hydrochloric «cid solutions had been taken 
were wet-ashed and radioassayed. Decay correction factors were determined from radio- 
assay of 0.5-g samples of un , eated bulk plant tissue. 

2 2 5 Determination of Plant UpUk<> of Radioactive Materials from Fall-out-contaminated 
Organic Matter Incorporated into Tujunga Soil 

Subsequent to fall-out from Apple II shot, one small flat of clover from each contaminated 
sampling station was covered with heavy wrapping paper and returned to the Environmental 
Radiation Division greenhouse at UCL/ where the exposed plant material wa i incorporated 
into uncontaminated soil in a manner simulating the practice of green manuring of foliage 
crops The procedure consisted in inverting the flats ol contaminated soil and plant materials 
onto flats containing a 3-m layer of uncontaminated Tujunga soil. One-hal. of the soil in th« 
Hats prepared in this manru r was needed to wheat; clover seedlings were transplanted into 
the remainder of the soil 

Selected samples of plant foliage exposed to fall-out materials wen oven-dried, ground 
thiough a 4( -mesh screen, and incorporated into uncontaminated Tujunga soil, which was then 
planted with wheat to measure the uptake of fall-out materials from ills source of contamina¬ 
tion This process simulated the farm-management practice of returning the plant residues 
to soil in order to increase its organic-matter content and improve its physical structure 

2 2 6 Determination of Pla; * Uptake of Radioactive Materials fr mi Tujunga .Soil 
Exposed Directly to hall-out 

Tm measure the influence of cover crops in reducing the amount of fall-out reaching the 
soil surfaces, 1-s.j ft areas of Tujunga soil (approximately t in deepi were taken from tie 



surface of small clover flats exposed to fall-out materials after they had been harvested on 
D-day. Similarly, 1-sq ft areas of soil were taken from the native Nevada soil adjacent to the 
flats. These samples were compare ' using radioassay methods discussed in Sec. 2.2.1. 

After fall-out had occurred and the exposed plant materials were harvested, all large soil 
flats were covered with heavy Kraft wrapping paper to reduce cross contamination during 
i-angport, and then they were removed from the field to the laboratory at UCLA. The wheat 
and clover fiats were replanted to the same crops to measure differences in uptake of radio¬ 
active fall-out materials Iron bare soil exposed to fall-out and from soil that supported a 
crop during exposure to fall'out. 

2.3 ANIMAL EXPERIMENTS 

2.3.1 Collection nf Native Animals 

The choice of native study animals was determined by their abundance, vear-round availa¬ 
bility, ease of sampling, and their being of mammalian types. Rodents were collected using 
metal treadle-type traps baited with rolled oats and placed 50 to 100 ft apart alor’g transects 
running through contaminated sampling areas. Some larger animals (jack rabbits, Mt foxes, 
and bobcats) were collected along trap lines using single- and double-spring jump traps baited 
with fox and cat scent. Small jump traps placed on the top of poles were effective in collecting 
small hawks. Generally, rabbits were collected with .22-caliber rifles, either at night with 
the aid of a spotlight or in the early morning. 

Jack rabbits and some small rodents were obtained prior to fall-out to serve as background 
controls for samples collected after exposure to fall-out materials. Data were recorded re¬ 
garding trap yield, species involved, environmental description of sampling area, and routine 
monitoring. Trapping and collecting of exposed animals usually began 12 hr postshot. Usually 
by D + l day the actual midline of fall-out had been defined. When this midline did not coincide 
with areas already sampled on D-day, the collecting procedure was repeated along the true 
midline of fall-out at various distances from GZ. Live animals were sacrificed by placing them 
in a dry-ice (C0 2 ) chamber. Fromn specimens, individually sealed in plastic bags, were shipped 
by air freight to the UCLA laboratory for detailed autopsy and radioassay. 

2.3.2 Serial Sampling of Native Animals 

Serial samples of native animals were taken in an area heavily contaminated with fall-out 
by Apple I shot, 12 miles from GZ. Samples were collected intermittently through the fifteenth 
day postshot to study the persistence of radioactive materia] in a population of animals living 
in an environment contaminated by radioactive f all-out. 

hi October and November 1955, a radiological resurvey was made of the area adjacent to 
NTS-. The objectives were (1) to demonstrate the effect of Mrne upon the biological accumula¬ 
tion of fission products from radioactive fall-out and (2i to define more clearly the nature of 
residual fall-out contamination By routine beta-gamma monitoring methods, using a Nuclear 
model 2610n G-M survey meter, it was possible to define a midiine of residual fall-out extend¬ 
ing from NTS to Grand Junction. Colorado, 417 n lies distant The midline was strongly i - 
fluenced by the fall-out pattern of Met shot, ,.ith< igt several other shots were known to nave 
contributed in much lesser amounts to the residual contamination at some locations. A similar 
.tdlme of residual fall-out was established from NTS to Steptoe. Nevada, 155 miles distant 
This tr.tdline was strongly influenced by the fall-out pattern of Apple II shot. 

During the resurvey, soil, piant, and ar.imal samples were taken from the midiine of re¬ 
sidual contamination and from various study arras previously established by the Environmental 
Radiation Division, Department of Nuclear Medicine and Radiation Biology, UCLA 1 

2 3 3 Inhalation Studies ;>n Native and Domestic Animals 

Live native i\>dent», ollected from unroniammated areas prior to the scheduled deLma- 
tions of Met ami Apple U shots, were held In hardware cloth cages at predetermined sampling 
stations 7 tno.-s from GZ This was done to determine the availability of fall-out materials to 
the animals primarily through ui/ualation processes daring the time of fall-out 
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In addition to the inhalation studies 3 carried out under Project 37.3, Dutch-breed domestic 
rabbits were placed at predetermined sampling stations across the path of fall-out from Met 
and Apple II shots at distances of 7, 48, and 106 miles from GZ. At approximately H-4 hr, 
three animals were placed at each sampling station in exposure boxes (as shown in Fig. 2.2) 
that were designed to hold the animals in such a way thai only their heads were exposed. Con¬ 
trol animals were sacrificed at this time. Three sampling stations were set up on the 7-mile 
arc; six were set up on the 48-mlle arc; and three were set up on the 106-mile arc. At fall¬ 
out time plus 4 hr. three rabbits on each arc not previously exposed to fall-out were introduced 
into the study area at the sampling station which had the highest concentration of radioactive 
contamination. An additional control rabbit was sacrificed at this time, in addition to the three 
rabbits which were exposed to fall-out materials during the first 4 hr. All remaining animals 
were exposed for an additional 4 to 6 hr before they were sacrificed. 

2.3.4 Laboratory Processing of Animals 

In the Environmental Radiation Division laboratory at UCLA, the frozen animal specimens 
were thawed and autopsied. Small rodents were dipped in hot paraffin and beeswax, which 
satisfactorily sealed the fur and minimized the possibility of contaminating internal organs 
with radioactive fall-out material from the pelt. Rabbits were carefully skinned, and their 
carcasses were thoroughly washed with running tap water before further autopsy was per¬ 
formed. The levels and types of radiation found in different organs often necessitated the use 
of more than one organ of a given type *o provide sufficient amounts of tissue ash f'ra sig¬ 
nificant radioassay, i.e., two to four livers, or two to four femurs, etc. Where numerous 
specimens were available, enough groups of animals were used to ensure the obtaining of a 
representative sample from each sampling area. In many cases, no more than one specimen 
of a given species could be obtained from a sampling area, which, of necessity, limited the 
reliability of the data from that area. 

Routine tissue samples consisted of lung, gastrointestinal (GI) tract or caecum, liver, 
kidney, femur, the muscle associated with the femur, and the thyroid. In selected cases, other 
organs were also sampled (i.e., mammary tissue, fetus, spleen, and bladder). 

The ignition method was chosen as the routine procedure for reducing the tissue samples 
since, under existing laboratory facilities, this method permitted the handling of larger masses 
cf tissues and of more individual samples in a shorter period of time. 2 Tissues Were placed 
in pyrex beakers, dried in a forced-draft oven at 150°C, and then placed in a muffle furnace. 

The samples were preheated at 350°C until fuming * egan; the fumes were ignited, and the final 
furnace temperature was set at 480 C for 8 to 12 hr for soft tissues. Bones were ignited at 
700°C for 2 to 4 hr. A flow of oxygen was supplied to the furnace during this period of time to 
ensure complete combustion After cooling, the sample ash was pulverized in the beakers, 
weighed, transferred to 1-in.-diameter nickel-steel counting cups, and the radioactivity was 
determined using a mica end-window G-M tube having a thickness of 1.7 mg /cm 2 . The observed 
counts were corrected for instrument geometry using a radium D + E reference standard. Self- 
absorption corrections were not made unless otherwise noted. 

With the exception of thyroid contamination, the radioactivity in tissues had the character¬ 
istics of a complex mixture of fission products. Approximate extrapolation for decay was 
made according to the mixed-fisiuon-product dei ay function (t M *?. It is recovmzed that use 
of the theoretical mlxed-fission-product decay function for correcting animal data included in 
this report may introduce some errors where tissues absorb fission products selectively 4 

The th>roid was macerated in a staini* ss-steei counting cup and covered *ith a sodium 
thiosulfate solution to fix the iodine present, after which the preparation was gently dried and 
counted as desc ribed pieviously Decay corrections for thyroid were made using the decay 
lonslant for I m 

2 3 5 Isotopic Identification 

During the test serlrs it was possible to identify tentatively more than one radioisotope of 
iodine m the th\told of native animals sampled from fall out-contaminated environments The 
resolution of the various isotopes of iodine < ontributtng to the thyroid tissue dose was done by 
radiation-energy arid half-life determinations fro., samples of thyroid tissue 
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Radiostrontium determinations on bone samples were made from three aliquots of bone 
ash using a fuming nitric acid procedure 5 to precipitate Sr*NOj. Total strontium activity, 
detected with an Anton type G-M tube, was corrected according to the percentage of recovery 
of both the stable strontium in bone (0.088 per cent of bone ash) and the amount of Sr +2 carrier 
used for the separation (The percentage of recovery was determined gravimetrically.) The 
content of Sr*° as compared to Sr** was estimated by analysis of the growth curves as Sr*® 
decayed to an equilibrium state with Y*° and Sr** decayed to the relatively stable Y**. 
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Chapter 3 


RESULTS 


Data pertaining to the uptake of fission products by animals exposed to radioactive fall-out 
have been reviewed in Chap. 1. To describe further the biological accumulation in terms of the 
physical characteristics of fall-out at varying distances from GZ, certain inherent limitations 
were placed on the collection of data. To obtain the best correlation between physical measure¬ 
ments and biological uptake, both kinds of data had to be obtained from the same location during 
the same time interval. Further, to resolve the effect of fall-out time (distance of the sampling 
site from GZ), it was desirable to collect samples along the midline of fall-out to ensure the 
maximum degree of contamination within any one pattern. 

Fall-oui patterns 1 from each detonation were delineated post shot by Project 37.2. Post¬ 
fall-out samples of plants and animals were collected along the midlines of fall-out, in addition 
to the soil samples used to characterize the fall-out activity and particle-size deposition. Data 
from biological materials prelocated along the anticipated midline of fall-out were obtained for 
Met and Apple II detonations and for the position of the sampling sites within the fall-out pat¬ 
terns verified by postshot monitoring. 

In some cases, the desired number of animals could not be obtained at the midline loca¬ 
tion., necessitating supplementation by collection from adjacent areas which were not so highly 
contaminated. In other cases, the plant and animal species available at each lo< uiity varied. 
However, whenever possible, the same plant arid animal species were collected from each 
location at each distance along the midline of fall-out so that plant and animal data would be 
comparable with respect to 3pecies, distance from GZ, and distance from the midline of fall¬ 
out Pertinent air-borne and particle-size distribution data, 1 as determined by Project 37.2, 
are also presented 

3.1 PL ANT AH D SOIL EXP EFIM ENTS 

3.1.1 External Contamination of Plants and Soils by Fall-out Materials 

Data for native plants and Nevada soils contaminated by fall-out materials from Tesla, 
Apple !, Met, and Apple II shots and for domestic plants contaminated by Apple II shot at vai i 
ous disiunees from GZ are given In Table 3.1. All data were corrected for sa uple and instru 
mt.it background, as well as fr. self-absorption and decay, and were normalized to H ♦ 12 hr 
In order to sho« relations between foliage contamination and the fall-out particle-size ranges 
thought to be of grv<r?i»: biological significance. the radioactivity in the particle-size ranges 
of less than <4 and 5 .;. diameter at each sampling site are inch, led Particle-size ranges 1 

occurring at any sampling c.u* were determined by mechanical analysts of soil samples by 
Project 37 2 The data in Table I show a tendency for the radioactivity on the plant follsge 
to correlate better with the less than <1 fall-out particle site than with the total fall-out 
present 
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TABLE 3.1 —BETA ACTIVITY OF PLANT FOLIAGE AND SURFACE SOIL CONTAMINATED 
BY FALL-OUT MATERIALS FROM TESLA. APPLE I. MET. AND APPLE II SHOTS 
AT VAR10U8 DISTANCES FROM GZ (CORRECTED TO H ♦ 12 HR) 



Distance from 

Distance from 
midline of 

Surface-soil activity, 
pc/sq ft 

Plant activity 
(dry basis), 

Plant specie** 

GZ, miles 

fall-out, miles 

Total < 44 p < S n 

mpc/g 


Telia Shot 


Atriplex confertifolia^ 

12 

0.1 

4*»34 

16.1 

11.7 

35.5 

Yucca brtvifclia 


1.2 

2710 

54.5 

46.0 

13.8 

Atriplex confertifolia 


1.6 

1962 

76.9 

33.1 

16.7 

Larreaf 

SO 

0 

202 

37.8 

16.6 

83.4 

Yucca brevifolia 






18.8 

Atriplex confertifolia 

79 

0 




8.2 

Orytopnis 



183 

36.6 

21.8 

595 

Larreat 






82.9 

Cconothus gregiit 

96 

0 

160 

40.0 

17.7 

63.8 

Orytopsis 


Apple I Shot 




566 

Chrysothamnu8 

13 

1.5 

1114 

141 

54.1 

18.0 

Artemisia spinescensX 


1.5 

1114 

141 

54.1 

395 

Artemisia sputescens 


2.5 

917 

95.7 

48. S 

200 

Atriplex confertifolia 

40 

0.3 




251 

Ephedra 






392 

Atriplex confertifolia 

40 

1.0 

303 

76.9 

44.7 

315 

Ephedra 



303 

76.9 

44.7 

408 

Atriplex confertifoliaX 

40 

1.7 

317 

110 

93 6 

261 

Ephedra 


1.7 

317 

110 

93.6 

141 

Artemisia spinescens 

80 

2.0 




'3.5 

Atriplex ccmieriifolia\ 



114 

28.6 

12.7 

57 8 

Ephedra 






(0.5 

Artemisia trident a ta 

165 

10.0 

5.4 

3.7 

2.1 

23.1 

J uni perns 


Met Shut 




20.8 

Larreai 

20 

0 

5541 

274 

208 

3469 

Larrea 


3 3 

8.7 

3.1 

0.8 

17.3 

Larreai 

53 

0.2 

376 

34.2 

24.8 

992 

Lcpidtum rremont ;. 


0.2 

37 K 

34.2 

24.8 

1923 

Ceanothus iregii 


0.2 

J76 

34.2 

24.8 

014 

l.artea 


! .2 

90.1 

9.6 

6.1 

77» 

Artemisia tridrntatai 

140 

1 5 

too 

4.9 

2.4 

2*5 

Alfalfa 


. o 

71.5 

14.3 

5 7 

254 

Art, mi via tndentata 


TO 

39.2 

’ .§ 

4 4 

137 



Apt'Sc 1! Shot 





Ke<i r'l'vrr 


2 4 

‘ 4 S 

0.83 

C 63 

IS 4 

Wheat 






32 2 

llr>ml leaf Kerb umtirn 






1 34 

tilled) 







Hed l'>ver 

• 

0 6 

2070 

VI 1 

; « 

120 


Whi-at 121 
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TABLL 3.1—(Continued) 



Distance from 

Distance from 
mldllne af 

Surface-soil activity, 
pc/aq ft 

- -*- V 

Plant activity 
(dry basis). 

Plant species* 

CZ, miles 

fall-out, miles 

Total <44 p <5p 

mpe/g 


Apple II Shot (Continued) 


Red cloverf 

7 

0.9 

2475 

23 

12.9 

123 

Wheat! 






58.2 

Sphaeralcea 






55.4 

Coleogynel 






72.7 

Wheat 

48 

3.2 

495 

63.9 

39 

349 

Wheat 






369 

Artemisia spinescens 






209 

A triplex confertifolia 






70 

Red clover! 

48 

0.8 

636 

98.7 

84.6 

324 

Wheat! 






381 

Artemisia spinescens^ 






465 

Atriplex confertifolia 






125 

Red clover 

48 

2.2 

490 

78.4 

9.12 

207 

Wheat 






157 

Artemisia spinescens 






180 

Atriplex confertifolia 






25.3 

Red clover 

48 

5.2 

109 

ia.1 

4.78 

77.8 

Wheat 






79.8 

Artemisia spinescens 






46.2 

Atriplex confertifolia 






61.4 

Red clover 

48 

8.4 

34.0 

3.32 

1.23 

18.6 

Wheat 






23.4 

Artemisia spinescens 






30.5 

Chrysothamnus 






5.98 

Red clover 

48 

-1.2 

20.0 

3 03 

2.01 

28.9 

Wheat 






32.1 

Artemisia tridentcia 






18.0 

Chrysothamnus 






2.33 

Mixed native plants! 

106 

0 

127 

25.3 

18.0 

251 

Red clover! 

106 

34.0 

19.9 

14,3 

5.3 4 

18.7 

Wheat! 






36.1 

Chrysothamnus 






17.5 

Red clover 

J 06 

38.0 

1.2 



16.8 

/heat 






U.l 

Atriplex confertifol a 






9.04 

Red clover 

106 

41.5 

1.7 



14.2 

Wheat 






12.8 


* For a description of the species, see ’’“able 2.1. 
f Sen Fig. 4.1. 

1 See Fig. 4.2. 

I See Fig. 4.3. 

«See Fig. 4.4. 
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The degree of surface-soil contamination by fall-out from Apple n (Table 3.1) at a dis¬ 
tance of 48 miles from GZ is representative of the variation found in soil contamination from 
the midline of fall-out toward the edge of the fall-out path. The width of the fall-out path at 
any given distance from GZ and the degree of contamination across the path at any given dis¬ 
tance from GZ varied considerably, depending in part upon the nature oi the shot and, espe¬ 
cially, upon the meteorological conditions associated with it. The degree of plant contamina¬ 
tion correlated closely to the distribution of the less than 44-p fraction of fall-out at lateral 
distances across the path of fall-out. The foliage o' different plant species from the same 
location often retained different levels of activity per unit weight of plant material, presumably 
because of the discontinuities in fall-out distribution rather than particular leaf characteristics 
since plants of widely differing leaf morphology can be shown to have similar degrees of par¬ 
ticulate contamination. 

3.1.3 retention of Fall-out Materials on Plant Foliage 

A typical distribution of fall-out particles retained on plant foliage is shown in Fig. 3.1, 
which is a print of an autoradiogram exposed for 24 hr to t>c mounted Sphaeralcea leaf samples 
shown in Fig. 3.2. This sample was collected at a distance of 20 miles from Met shot GZ. 

Data given in Tables 3.2 to 3.7 are representative of the number of particles per unit area 
of leaf surface and the particle-size ranges of fall-out materials retained on leaves of plants 
contaminated with fall-out from Turk, Ess, Apple I, Met, and Apple 13 shots at various distances 
from GZ. The particles retained by leaf surfaces were predominantly less than 44 p in diame¬ 
ter within the distances from GZ at which samples were collected. 

On all shots the number of fall-out particles retained on leaves at any particular location 
was highly variable; however, the particle-size range distribution was surprisingly uniform. 
Appie I shot (Table 3.3) had larger sized particles distributed at comparable distances from 
GZ than the other shots. For Apple I shot, leaf surfaces retained particles ranging from 44 to 
125 p In diameter. There was a noticeable lack of particles less than about 10 p in diameter 
from this particular detonation. Plants exposed to Met shot fall-out (Table 3.4) were con¬ 
taminated with a greater number of active particles per unit leal area than were leaves ex¬ 
posed to fall-out from the other shots studied. At 20 miles from GZ, the predominant particle 
size retained on the leaves ranged from 22 to 88 p in diameter; at 140 miles, the predominant 
particle size ranged from 5 to 44 p, reflecting the shift in the particle-size spectrum with in¬ 
creasing distance irons GZ. 1 

For red clover exposed to Apple II shot (Table 3.5), there was a noticeable decrease in 
the number of particles retained per unit leaf area at greater lateral distances from the mid¬ 
line of fall-out. This correlates well with the observation of decreasing activity lateral to the 
midline shown in Ts.ble 3.t. There was a very noticeable predominance of particles retained 
in the ranges from 0 to 44 p In diameter. Native plants retained a few fall-out particles 
as large as 350 p in diameter. 

Leaf-retention data showed that this procedure had practical application for characteriz¬ 
ing the contamination of crops and forage by fall-out particles from a given nuclei r detonation. 

It is apparent from these data lliat the degrt e of particulate fall-out contamination to plants is 
dependent more upon fall-out distribution than plant morphology. There is strong evidence, 
however, that plant foliage will tend to retain selectively particle -size ranges that are Jess 
than 44 p in diameter, irrespective of the plant species involved or of the total size spectrum 
of fall-out deposited. 

3.1.3 Decontamination of Plant Foliage 

Data in Table 3.8 show the effectiveness of distilled water. 0.1N HCl, and 5 per cent 
Versene (EDTA) solutions in removing radioactive materials from the foliage of several dif¬ 
ferent plant species exposed to fall-out from Met and Apple 11 shots. Radioactivity was readily 
removed from smooth, flat, waxy leaf surfaces by etch solution. On sticky resinous lea! sur¬ 
faces, the tail-out materials were quite resistant to removal by washings with distilled water. 
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3ptA»ral*«a 

25 ri A of !'*i:- r. Spring* 

U-*r-0? n\i to u-?l- : '5 1<V 


Fig. 3.1 —"Print of •« autoradiogram axpoaed for 24 hr to fallout particlct retained on the 
rurface of the mo.* ted pwwbw Kavet ihown in Fig. 3.2. 




Fig. 3.2—Pwmanontly mouatod toaf umplos collected tt i tlUuac* of 20 ml lot 

fiom M«t iho< CZ. 
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TABLE 3.2 —SIZE DISTRIBUTION OF FALL-OUT PARTICLES COLLECTED ON LEAVES OF 
PLANTS* EXPOSED TO FALL-OUT FROM TURK AND ESS SHOTS 


Turk Shot 

- A — 

A. tridentato Brassica Viola 
(matted hairs)t (rough)t (omooth)t 


Ess Shot 

/-'- 

Anemone 

(acale- A. spinescens 
like)t (matted halrs)t 


Sampling site: 


Distance »‘rom OZ, miles 

15 

15 

15 

12 

12 

Lateral distance to midline, miles 

5.0 

5.0 

5.0 

0.3 

2.0 

Total leaf area sampled, cm 1 

5.6 

102 

21.8 

28 

24 

No. of active particles/cm 1 

26,3 

26.0 

172 

11.9 

22 

Particle-size range (percentage 
of total observed), p: 

<5 

4.0 

1.3 

2.0 

4.0 

4.8 

5-11 

10.8 

12.8 

15.2 

4.0 

19.0 

11-22 

46.6 

26.9 

36.6 

52.0 

42.9 

22-44 

22.7 

50.0 

35.4 

36.0 

28.5 

44-88 

14.6 

6.4 

8.0 

4.0 

4.8 

88-125 

1.3 

2.6 

4.0 

0.0 

0.0 

125-177 

0.0 

0.0 

0.0 

0.0 

0.0 

177-250 

0.0 

0.0 

0.3 

0.0 

0.0 

>250 

0.0 

0.0 

0.3 

0.0 

0.0 

Total percentage of particles 

<44 p 

84.1 

91.0 

89.2 

96.0 

95.2 


* For a description of the species, see Table 2.1. 
t Description of leaf surface. 


TABLE 3.3—SIZE DISTRIBUTION OF FALL-OUT PARTICLES COLLECTED ON 
LEAVES OF PLANTS* EXPOSED TO FALL-OUT FROM APPLE I 8HOT 



Sphaeralcea 
(dense stel¬ 
late hairs)t 

Brassica 
(scale - 
like )T 

Penstemon 

(smooth)t 

Eriogonum A 
(dense 
unbranched 
hair8)t 

Eriogonum B 
(dense 
unbranched 
hairs)t 

A. tridentata 
(matted 
unbranched 

hairs)t 

Sampling site: 

Distance from GZ. miles 

12 

12 

12 

80 

80 

140 

Lateral distance to midline. 

miles 

0.5 

1.0 

0.5 

4.0 

4.0 

1.5 

Total leaf area sampled. 

cm 1 

34 

78 

96 

92 

308 

80 

No. of active particles/cm 1 

9.3 

8.9 

2.8 

4.0 

2.3 

10.4 

Particle-size range !pcr- 
centage of total 
observed), p: 

<5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5-11 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

11-22 

9.2 

0.0 

3.2 

0.0 

0.0 

16.2 

22 44 

18.1 

0.0 

22.6 

0.0 

0.0 

66.8 

44-88 

36.3 

21.2 

$4.8 

50.0 

44.4 

15.2 

88-125 

9.1 

31.8 

16.2 

21.4 

30.6 

0.0 

125- 577 

0.0 

34.9 

0.0 

21.4 

22.2 

0.0 

177-250 

27.3 

10.6 

0.0 

7.2 

2.8 

0.0 

>250 

0.0 

1.5 

3.2 

0.0 

0.0 

0.0 

Total percentage of 

particles < 44 a 

27.3 

0 

25.8 

0 

0 

84.8 


* For a description of the species, see Table ‘ ! 
t Dea ription of leaf surface 
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TABLE 3.4—8IZE DISTRIBUTION OF FALL-OUT PARTICLES COLLECTED ON 
LEAVES OF PLANTS* EXPOSED TO FALL-OUT FROM MET 8HOT 



Pens lemon 

(smooth)t 

Brassica 
(scale - 
like)f 

Sphaeralcea 

(dense 

stellate 

hairs/t 

Spkturalcec 

(dense 

stellate 

nairs)t 

Orysopsis 

(sparse 

hairs)t 

Alfali 

(sparse 

hairs)t 

Alfalfa! 

(sparse 

hairs)t 

Sampling site: 

Distance from OZ, miles 

20 

20 

20 

140 

140 

140 

140 

Lateral distance to midline. 

miles 

0.0 

0.0 

0.0 

3.0 

3.0 

2.0 

2.0 

Total leaf area sampled, ctn 1 

420,0 

110.8 

116.8 

320.8 

48.8 

86.2 

76.0 

No. of active particles/cm 1 

12.5 

25.6 

18.0 

23.6 

6.8 

5.42 

5.1 

Particle-size range (per¬ 
centage of total 
observed), p: 

<5 

1.2 

".O 

0.0 

0.0 

0.0 

7.5 

3.8 

5-11 

3,4 

17.0 

3.2 

0.0 

5.0 

5.0 

29.6 

11-22 

13.6 

38.9 

9.5 

6.9 

25.0 

37 6 

44.4 

22-44 

32.5 

25.4 

14.9 

20.7 

50.0 

32.5 

22.2 

44-88 

35.9 

16,9 

35.1 

34.4 

15.0 

15.0 

0.0 

88-125 

7.9 

1.8 

21.3 

17.2 

0.0 

0.0 

0.0 

125-177 

2.2 

0.0 

12.7 

17.2 

5.0 

2.5 

0.0 

177-250 

2.2 

0.0 

1.1 

3.6 

0.0 

0.0 

0.0 

>250 

1.2 

0.0 

2.2 

0.0 

0.0 

0.0 

0.0 

Total percentage of particles 

< 44 p 

50.6 

81.3 

27.6 

27.6 

80.0 

82.5 

100 


* For a description of the species, see Table 2.1. 
t Description of leaf surface. 

t After 2 days of wind or dust storms, the alfalfa sample was collected on D*3 days. 


TABLE 3 E—SIZE DISTRIBUTION OF FALL-CI' PARTICLES COLLECTED ON 
LEAVES OF CLOVER PLANTS EXPOSED TO '• c ,L-CUT *TlOM APPLE II SHOT 


Ladino (..over slants fr ‘located soil flats exposed 
to fall-out /rough, with scattered unbranched hairs) 


Sampling site: 


Distance from GZ, miles 

7 

49 

48 

48 

48 

48 

100 

106 

Lateral distance to midiine, 

miles 

0.8 

0.8 

2.2 

5.7 

8.4 

11.2 

38 

41.5 

Total leaf area sampled. cm : 

123.4 

275.2 

*71.4 

291.0 

255.9 

145.2 

180.6 

128.4 

No. of active particles/cm 1 

0.75 

3.8 

1.5 

1.1 

0.2 

0.0 

0.0 

0.1 

Part: io-stxe range (percentage 
of total observed), p: 

5 

9.1 

19.6 

3.7 

0.0 

0.0 

0.0 

0.0 

0.0 

5-11 

63.8 

2.1.9 

22.2 

22.2 

37.5 

40.0 

28.6 

0.0 

11-22 

18.2 

2:i.9 

42.6 

50.0 

37.5 

40.0 

29.8 

0.0 

22-14 

9.1 

21 .* 

24 1 

> 1.1 

12 A 

20.0 

42.8 

100 

44 88 

0.J 

10.9 

5.8 

11.1 

12 5 

0.0 

0.0 

0.0 

88- 125 

0 0 

DO 

1.9 

5 8 

0.0 

0.0 

0,0 

0.0 

• 125 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Total percentage of pert'riea 

<■ 44 * 

100 

89.1 

92,« 

fc 

87,5 

too 

00 

100 
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TABLE 3.8— SIZE DISTRIBUTION OIF FALL-OUT PARTICLES COLLECTED ON 
LEAVES OF WHEAT PLANTS EXPOSED TO FALL-OUT FROM APPLE II 8HOT 


Wheat plant* from prelocated soil flat* exposed to fall-out (long slender 
leave*, with fairly regularly apaced row* of abort hairs running 
parallel to veins) 


Sampling alte: 


Distance from GZ, milts 

48 

48 

48 

48 

48 

48 

106 

106 

106 

Lateral distance to midline, 

mtlee 

3.2 

0.8 

2.2 

5.2 

8.4 

11.2 

34 

38 

41.5 

Total leaf area eamptid, cm* 

284.4 

112.8 

116.4 

210.0 

222.2 

121.8 

124.8 

120.8 

83.0 

No. of active partlcleii/cm 1 

3.4 

? 1 

1.0 

0.2 

0.7 

1.4 

0.1 

0.3 

0.05 

Particle-else range (jwreentage 

of total observed) p: 

<5 

0.3 

22.8 

32.3 

12.6 

0.0 

0.0 

0.0 

0.0 

0.0 

5-11 

11.8 

35.0 

38.7 

33.0 

20.0 

28.0 

0.0 

0.0 

50.0 

11-22 

50.0 

22.5 

19.4 

33.3 

60.0 

42.8 

25.0 

28.6 

0.0 

22-44 

28.4 

12.5 

6.4 

8.3 

13.4 

29.8 

75.0 

71.4 

0.0 

44 -88 

8.8 

7.5 

3.2 

12.5 

6.8 

0.0 

0.0 

0.0 

60.0 

->88 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Total percentage of particles 

*. 44 m 

#>8.6 

92.5 

96.8 

87.2 

S3.4 

too 

100 

100 

50 


but the hydrochloric acid and Versene solutions removed them mere readily. Leaves with 
dense, hairy surfaces retained more of the fall-out materials than the other types of leaf sur¬ 
faces treated with the washing solutions. 

Data for the number of fall-out particles retained on foliage after the washing treatments 
indicated, as expected, that large-sized particles are removed more readily than small par¬ 
ticles. 

A comparison of samples of alfalfa foliage collected on O-day of Met shot from a culti¬ 
vated field 140 miles from GZ with samples collected from the same location after 2 days 
of strong winds showed that activity on the plant tissue was reduced 23 per cent, from 0.254 
to 0.195 pc/g. These data are mean values of triplicate samples normalized to H +12 hr. The 
soil activity at the sample location was 71.5 /ic/sq ft at H + 12 hr. As indicated in Table 3.4, 
the associated shift in particle sizes retained on the leaves demonstrates the persistence of 
particles less than 44 u in size. 


3.1.4 Solubility of Full-out Materials Retained on Plant Foliage 

Data in Table 3.9 show the solubility ir. 0.1N HC'l of fall-out materials retained on foliage 
from several plant spocies exposed to Apple I, Met, and Apple n shots at various distances 
from GZ. Solubility cliaracterlstlcs of air-borne fall-out materials collected in jet implngers 
and fall-out materials in the leas than 5-p soil particie-size fractions collected from the same 
sampling locations are also included in Table 3.9. The T.r-borne and soil particle-size solu¬ 
bility characteristics' were determined by Project 37.2. 

Data show that the solubility in 0.1N HCl of fall-out materials retained on planl foliage at 
various distances from GZ vsrled from 8 to 35 per cent, which was within tne same order of 
magnitude as that observed v ith the less than 6-^ soli fraction. The solubility in 0.1N HCl of 
radioactive air-borne materials collected by jet implngers was from two to three times 
greater than was the artive fraction in soil and plant material. The type of plant material had 
no significant influence on the solubilities of the fall-out material*, nor was there evidence 
from the plant data that solubility varied with respect to distance from GZ 

3 15 Plant Uptake of Radioactive Materials from Fail-out-contaminated Organic Matter 
Incorporated in :o Tujunga Soli 

Data in Table 3 10 show the availability of radioactive materials to red clover and wheat 
forage from contaminated green- nanure materials incorporated Into soli. Detectable amounts 
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TABLE S.7—SIZE DISTRIBUTION OE FALL-OUT PARTICLES COLLECTED ON 
LEAVES OF PLANTS* EXPOSED TO FALL-OUT FROM APPLE U SHOT 



Sphaeralcta 
(danse stel¬ 
late haire)t 

Brodium 

Nyctagtmactaa (scattered 
(smooth)t hairf)t 

Oenothera 
(dense 
hairs)T 

Sampling site: 







Distance from GZ, milaa 


7 

7 

46 

48 


Lateral distance to midline 

I 






miles 


0.6 

0.9 

2.2 

2.2 


Total leaf area aamplad, cm 1 

187.8 

222.6 

02.4 

123.0 


No. of active paudl' les/cm* 


1.1 

0.2 

1.6 

4.1 


Particle-site range (percentage 






of total observed), p: 







<*4 

99.5 

100 

98.6 

96.8 


44-88 


0.5 

0.0 

0.7 

0.8 


88-125 


0.0 

0.0 

0.0 

0.0 


125-177 


0/J 

O.u 

0.0 

0.0 


177-250 


0.0 

0.0 

0.0 

0.8 


250-297 


0.0 

0.0 

0.0 

0.0 


297-350 


0.0 

0.0 

0.0 

0.4 


>350 


0.0 

0.0 

0,7 

1.4 








HeliimthHi 

Sphaeralcea 

A. 

trideniitu 

Sphaeralcta 

Aquilegia 

(hairs on 

(dance a tel- 

(matted un - 

(dense stel- 

(scale- 

veins and 

late hairs)t 

branched halrs)t 

late hairs)t 

lik«)t 

at marglns)t 

Sampling site: 







Distance from GZ, mllea 

48 


48 

106 

106 

106 

Lateral instance to midline. 







mile* 

5.2 


11.2 

34 

34 

38 

Total leaf area sampled, cm* 

116.0 


26.2 

86.0 

332.6 

208.6 

No. of active perticlen/cm 1 

2.4 


1.3 

0.5 

0.4 

0.3 

Particle-size range (percentagt 







of total observed), p: 







<5 

96.0 


100 

97.8 

95.4 

98.5 

44-88 

1.4 


0.0 

0.0 

3.0 

0.0 

88-125 

1.8 


0.0 

0.0 

0.8 

0.0 

125 -177 

9.0 


O.U 

0.0 

0.8 

0.0 

177-250 

0.0 


0.- 

0.0 

0.0 

1.5 

250-297 

0.0 


0.0 

2.2 

0.0 

0.0 

297-350 

0.4 


0.0 

0.0 

0.0 

0.0 

>350 

0.4 


0.0 

0.0 

0.0 

r.o 


• Tor a description of the ape .'lee, aee Table 2 1. 
T Description of leaf surface. 


of radioactive materials wc i e available to the crop plants up to a period of about 1 year after 
green-manure organic matter was exposed to fall-out and incorporated into the soil. The 
amount of radioactivity remt ved from the contaminated soil by successive croppings was less 
than 0.1 per cent, particular y for soils contaminated with green manure that ha* been ex¬ 
posed near GZ. Wheat lemo od more total activity than red clove r . presumably because of 
higher yields of wheat forxgt per unit soil area since the activity levels per gram of dry plant 
tissue were comparable for >«th plant species. 

An interesting observati mi made during this experiment wus the uptake of comparable 
levels of activity by the crop i, irrespective of exposure distance from GZ ; and of concentra¬ 
tion of tall-out materials in the soil. Although the levels of radioactivity taken up by the crop 
plants were erratic among ths different harvests, there wac a tendency for more consistent 
uptake front the soils contain mated with materials collected at greater distances laterally 
(rom the midline of fall-out ind at greater distances from GZ. At these locations the radio¬ 
active contamination waa pre Jomtnantly in the leas thsn 44-p particle-size range. Results of 
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TABLE 3.8—DECONTAMINATION OK PLANT FOLIAGE EXPOSED TO FALL-OUT 
FROM MET AND APPLE II SHOTS BY WASHING WITH DISTILLED WATER. 
O.IN HC1, AND VERSENE (EDTA SOLUTIONS) 


Distance at which 


Plant species* 

-«mple was exposed 
to fall-out 

Miles Miles 

from from 

GZ midline 

Total activity 
removed by 
washing treatment*, % 

_A_ 

No. of fall-out particles 
retained on foliage after 
washing treatments 

_A_ 

Diet. 

lljO 

0.1N 

HC1 

n 

Veruene 

Un- Diet, 

treated H 2 0 

J.1N 5% 

H ;i Versene 




Met 

Shot 






Larrea 

20 

0 

48.1 

65.7 

67.0 





Lepidium fremontii 

58 

0.2 

81.2 

89.8 

95.1 

287 

210 

124 

72 

Artemitia tridentata 

140 

0 

36.4 

48.8 

54.1 

372 

308 

204 

150 




Apple 

II Shot 






Colcogyne 

7 

0.8 

61.8 

82.1 

72.3 

92 

38 

6 

22 

Broad-leaf annual 

7 

2.4 

97.8 

98.5 

96.7 

6 

2 

2 

0 

Artemisia spineacens 

48 

2.2 

68.5 

83.5 

83.4 

184 

60 

40 

58 

Atriplex confertifolio 

48 

2.2 

58.8 

81.5 

83.1 





Wheat 

48 

2.2 

81.6 

90.3 

80.6 

238 

58 

28 

46 

Artemisia tridentata 

48 

8.4 

66.9 

80.5 

85.6 





Ckrysothemnus 

48 

8.4 

62.4 

71.3 

90.4 

38 

16 

22 

4 

Atriplex confer tifolia 

106 

38 

73.8 

74.5 

78.9 





Ckrysotkamnsis 

106 

34 

59.5 

74.2 

89.1 





* For a description of the species, sec Table 2.1. 


TABLE 3.9 

—SOLUBILITY IN 0.1N HC1 OF FALL-OU' r MATERIALS RETAINED ON 
PLANT FOLIAGE AT VARIOUS DISTANCES FROM GZ 


Plant species* 

Distance from 

GZ, miles 

Distance from 
midline of 
fall-out, miles 

Plant 

Total activity 
soluble in O.'N HC1, % 

Air-borne <5 

-p soil 



Apple I Shot 




Artemisia 

12 

1.5 

20.1 


27.9 

Ephedra 

40 

1.7 

26.6 



Ephedra 

80 

2.0 

14.6 


20.1 

Juniper us 

165 

10 0 

32.1 


14.6 



Met Shot 




Larrea 

2h 

0 

26.2 

78.2 

18 9 

Larrea 

a < 

0.2 

M,0 

67.1 

19.4 

Alfalfa 

140 

2.0 

14.1 

41.0 

18.7 



Apple II Shot 




Wheat 

7 

2.4 

l‘J.2 

77.4 

.13.4 

Wheat 

40 

6 0 

17.3 

<t7 .0 

2* 1 

Wheal 

106 

23.0 

34.7 

74.8 

23 7 

• K«ir a ilesi r ■ pit* 

>n uf the »*» *, ere 

Tattle 2.1 . 
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TABLE 3.10 — UPTAKE OF RADIOACTIVE MATERIALS BY RED CiXIVER AND WHEAT 
FORAGE GROWN ON TUJUNGA SOIL CONTAMINATED WITH CI-OVER FORAGE 
AND SOIL EXPOSED TO FALL-OUT FROM APPLE II SHOT* 


Distance at which 
contaminant* were 
opposed to fall-out 

Applied activity 
(H *12 hr), 
pc/aq ft 


Total activity (mpe) for each harvest from 1 aq ft of 
contaminated aoilt at the Indicated time of harvest 
(days after fall-out) 


Milea from 
GZ 

Milea from 
midlinc 

D+ 64 

D + 107 

Dt 133 

D + 239 

D* 302 

D* 330 

Dv 387 

D-r 386 




Red Clover 






7 

0.8E 

2182.37 

0.029 

0.149 

NS 

NS 

0.043 

NS 

NS 

NS 


0.9W 

4887.87 

0.022 

NS 

NS 

NS 

0.040 

0.039 

NS 

0.043 

48 

0.8E 

372.88 

0.038 

0.011 

NS 

0.017 

0.057 

NS 

N8 

NS 


2.2W 

320.42 

NS 

0.054 

NS 

NS 

NS 

NS 

0.060 

NS 


5.2W 

74.46 

0.006 

0.008 

N8 

NS 

NS 

NS 

NS 

NS 


8.4W 

74.80 

0.033 

0.023 

NS 

N8 

0.047 

0.003 

0.028 

NS 


11.2W 

13.78 

0.J29 

0.041 

NS 

0.016 

0.102 

0.006 

0.066 

NS 

106 

34.0W 

12.34 

NS 

NS 

NS 

0.017 

0.038 

N8 

N8 

NS 


38.0W 

2.90 

0.031 

NS 

0.010 

0.030 

NS 

NS 

NS 

NS 


41. SW 

2.95 

0.019 

0.135 

0.029 

0.025 

0.079 

NS 

NS 

0.007 





Wheat 







7 

0.8E 

2162.37 

0.071 


0.049 

0.049 



NS 



0.9W 

4887.87 

0..i7 


0.081 

NS 



0.C87 


48 

0.6E 

372.68 

0.114 

NH 

NS 

NS 

NH 

NH 

NS 

NH 


2.2W 

320 i2 

0.299 

NH 

NS 

NS 

NH 

NH 

NS 

NH 


5.2W 

74.46 

0.184 

NH 

NS 

NS 

NH 

NH 

N8 

NH 


8.4W 

74.80 

0.179 

NH 

0.079 

NS 

Nil 

NH 

NS 

NH 


11.2W 

13.78 

0.097 

NH 

N8 

NS 

NH 

NH 

NS 

NH 

108 

34.0W 

12.34 

NS 


NS 

0.005 



NS 



38.0W 

2.90 

0.009 


NS 

0.009 



NS 



41.5W 

2.98 

0.347 


NS 

NS 



NS 



* Plant sample and Instrument background readings deducted. 

,'Subsequent harvests si D< 424 and D + 486 days showed no detectable uptake of radioactive materials. 
NS. activity not significantly above normal j/.ant background; NH, no harvest. 


this experiment indicated that, up to 1 year after fall-out, detectable amounts of radioactive 
materials may be available to successive crops grown on soils In which cover crops exposed 
to fall-out materials have been turned under for green manure. Successive cropping would not 
appear to be- an efficient method for removing rp-'ioactive materials from soil that ’night be¬ 
come contaminated in this manner. 

In order to assess the availability to plants of radioactive materials that might be In¬ 
corporated into soils in the form of contaminated, dry, organic exop residues, native plant 
materials exposed to fail-out from Met and Apple n shots at various distances from GZ were 
incorporated into pots of Tujunga soil. Data (or uptake of radioactive materials by wheat for¬ 
age grown on these pots are given ir. Table 3.11. Results normaliaed to D* 128 day* show that 
radioactive materials were available to the crop; however, with the exception of one treatment, 
the amount of total activity removed from the soil was lees than 0 65 per ent. For Met shot, 
the activity levels taken up by wheat forage were Inversely correlated with the total activity 
level present In the soil. With one exception, a greater percentage of the total activity added 
to the soil was removed from pots contaminated with plant residues exposed to Apple Q shot 
than to Met shot This would indicate a higher degree of availability of radioactive mate’-ials 
from Apple 11 fall-out materials since the crop yield levels w: re comparable between the two 
treatments 

3 16 Plant Uptake of Radioactive Materials from Tujunga Soli Exposed Directly to FsH-out 

This experiment was designed to observe the influence of red clover and wheat cover cro ; 
in reducing the amount of fall-out materials deposited on the sob surface and the subsequent 
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TABLE 3.U —UPTAKE OF RADIOACTIVE MATERIALS BY WHEAT FORAGE GROWN ON 
TUJUNOA SOIL CONTAMINATED WITH NA TIVS PLANT MATERIAL EXPOSED TO 
FALL-OUT FROM MET AND APPLE II SHOTS AT VARIOUS DISTANCES FROM GZ* 


Kind of native 
plant material 
sddid to soil 

Exposure site of 
contaminated 
plant matfsr<al, 
miles from GZ 

Total activity 
added to 500 g 
of Tujunga soli, 
mpe 

Total activity removed 
from contaminated soil 
by wheat forage crop 

mpe 

% 



Met Shot 



Larrea 

20 

17.6 

0.009 

0.05 

l.epidium 

58 

10.0 

o.ou 

0.11 

Artemisia 

140 

3.5 

0.023 

0.05 


Apple II Shot 



Sphaeralcea 

7 

1.5 

0.037 

2.46 

Artemisia 

48 

4.4 

0.003 

0.06 

Atriplex 

106 

6.3 

0.018 

0.28 


•Data are mean values of three replicates normalized to D«-126 days. Each replicate con¬ 
tained IS g of contaminated plant material mixed with 500 g of Tujunga soil. Control treatments 
were derived from tho same kinds of plant material not contaminated with fall-out. Control 
values and plant and instrument background readings are deducted. 


availability of these radioactive materials to crops grown on these ooils. The data given in 
Table 3.12 show the location of clover flats in the fall-out pattern when the flats were exposed 
directly to fall-out, the activity levels deposited on the surface of soli with a cover crop and on 
soil without a cover crop, and the amount of radioactive materials removed from these soils 
by successive cuttings of red clover, a continuous cropping period of D+486 days. Table 3.13 
shows the same data for one crop of wheat harvested 65 days after exposure of sou to fall-out. 

Results indicate that the cover crop growing on the soil reduced the fall-out deposited on 
the soil surface to about one-half of the activity level on the surface of ooil exposed without a 
cover cx'op at distances of 10* and 48 miles from GZ. Generally, the cuttings of clover re¬ 
moved less than 0.1 per cent of the total activity deposited on the soil surface at each harvest 
The higher levels of activity removed by red clover at the D + 41- end D + 70-day harvests from 
soil on which clover was growing at the time of exposure to fall-out were attributed mai-'y to 
an increased crop yield from this soil. This increase in crop yield was also accompanies by 
an increased activity per unit weight of dry tissue. No agiparent difference in uptake was ob¬ 
served after 95 days, at which time the cutting yields were again comparable for tne two soil 
treatments. No detectable activity above normal plant background was observed in clover 
cuttings grown after about 400 days following full-out. A wheat crop grown from a new seeding 
after fall-out contamination showed no apparent difference in the levels of activity removed 
from the two soli treatments by comparable crop yields (Table 3.13). 

It was not possible to draw conclusions from these data relative to the screening influence 
of cover crops on the availability of radioactive materials to subsequent croppings of con¬ 
taminated soil. The levels of activity taken up by the crops were very low (less than twice 
normal plant background), and they were extremely erratic. On the basis of the degree of soil 
contamination, there are indications that relatively more uptake occurred from soils ex wed 
a* greater distances from GZ and at greater lateral distances Irom the midline of fall-out It 
is apparent from these data that small amounts of radioactive material will be available to 
successive crop plants from contaminated soil for at least 1 year after exposure to fall-out. 

No appreciable amount o' radioactivity taken up by wheat forage was translocated to the grain. 
1! would appear that levels of contamination from Jail-out materials of the type produced from 
Apple U shot art necessary before crop plants will take up appreciable amounts of radio¬ 
activity Intensive cropping it not an efficient means »I removing fall-out contamination from 
soils 
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TABLE 3.12—UPTAKE OF RADIOACTIVE MATERIA: ' RED CLOVER CPOWN ON TUJUNOA SOIL 

EXPOSED DIRECTLY TO FALL ROM APPLE II SHOT* 


Distance at which 
•oil was exposed 
to tali-out 


Soil activity 


Total acti.ity (ape) (or each harvest from 1 sq ft 
of contaminated soilt at the indicated time of 
harvest (days after (all-out) 


oz 

midllne 

MC/eq ft 

D*41 

D + 70 

Dt 95 

Dv 107 

D* 133 

D* 231 

D* 302 

0 * 330 

D+357 



Clo 

■*er Giving on 8oil st Time of Fell-out 





7 

2.4E 

27.3 

0 044 

0.072 

NS 

NS 

“S 

NS 

NS 

NS 

NS 


0.6E 

10S3.0 

0.080 

0.174 

0.007 

NS 

NS 

NS 

0.124 

0.009 

NS 


0,9W 

3344.0 

0.119 

0.089 

NS 

NS 

NS 

NS 

0.081 

NS 

0 01* 

48 

3.2E 

201.0 

0.23? 

0.284 

0.113 

0.033 

0.056 



0.043 

NS 


0.8E 

504.0 

0.222 

0.183 

0.024 

•s 

0.091 

NS 

0.038 

NS 

NS 


2.2E 

217.0 

0.008 

0.150 

NS 

NS 

NS 

NS 

NS 

ate 

*vll 

NS 


5.2E 


0.193 

P.20 

0.0? 

0.022 

0 064 

NS 

NS 

NS 

NS 


3.4W 

32.0 

(1.048 

0.104 

0.176 

0.125 

NS 

NS 

NS 

0.05'* 

NS 


11.2W 

0.0 

0.007 

0.051 

0.157 

0.157 

0.023 

NO 

NS 

0.028 

NS 

105 

34. OW 

8.2 

0.087 

0.068 

0.113 

NS 

N8 

NS 

NS 

WB 

NS 


38.OW 

1.1 

NS 

N8 

NS 

NS 

NS 

NS 

NS 

NS 

NS 


41.5W 


0.023 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 



Clover Cutting Hxrveeted Just Before Exposure to Fall-out 




7 

2.4E 

74.5 

0.055 

0.042 

0.095 

NS 

0.023 

NS 

NS 

NS 

NS 


0.6E 

2070.1 

0.008 

0.038 

0.088 

0.034 

NS 

NS 

NS 

0.017 

NS 


0.8W 

24 S.5 

0.005 

0.013 

0.13? 

0.07 3 

NS 

NS 

NS 

NS 

NS 

48 

3.2E 

485 8 

0.030 

0.038 

0.009 

0.08S 

0.081 

NS 

0.022 

0.047 

NS 


0.8E 

646.6 

0.063 

0.11Q 

0.039 

0.045 

0.103 

NS 

0.022 

0.032 

NS 


2.2W 

480.1 

0.090 

0.058 

0.110 

0.022 

NS 

NS 

NS 

NS 

NS 


5.2W 

108.7 

0.026 

0.077 

0.048 

0.043 

0.026 

NS 

NS 

NS 

NS 


8.4W 

34.0 

0.032 

0.085 

0.085 

0.043 

0.081 

NS 

NS 

o.ooe 

NS 


U.2W 

20.0 

0 027 

0.054 

0.054 

0.031 

NS 

NS 

NS 

0.035 

NS 

108 

S4.0W 

19.8 

NS 

N8 

0.044 

NS 

NS 

NS 

NS 

NS 

NS 


38.OW 

1.2 

0.004 

N8 

0.050 

NS 

NS 

NS 

NS 

NS 

N8 


41,5W 

1.7 

0.003 

N8 

0.012 


NS 

N8 

NS 

NS 

NS 


* Plant sample and Inatrumeut background readings deducted. 

t Traces of activity were detected in !>♦ 388-dey harvest; no detectable activity in D* <24 or D* 4M days. 
NS, activity not significantly above normal plan: background. 


3.2 ANIMAL SAMPLING AND EXPERIMENTS 

3.2.1 Tissue-reference Values (Pre-Teapot) 

Table 3.14 is a summary of the levels of beta activity in tissues of native animals sampled 
from a number of areas adjacent to NTS approximately 1 month prior to the initiation of the 
teat detonations. The values reported will be considered normal animal btckg round prior to 
Operation Teapot. Lula obtained trots aamplee collected during the leet eeriee were required 
to reflect levels of twice these tissue-reference values in order U *v consider*** significant 
or attributable specifically to Operation Teapot 


3.2.2 Contamination of Native Animals Exposed to Fall-out Materials 

Tables 3 15 to 3 19, inclusive, summarise the occurrence of fission products in tissues of 
animals sampled from within specific fall-out pattern* as a function of the position of the 
sampling rite within the (all-out pattern Activities in all tissues eju*n thyroid were cor¬ 
rected for radioactive decay to the time of sacrifice using the mixed-fission-product decay 






TABLE 3.13—UPTAKE OF RADIOACTIVE MATERIALS BY WHEAT GROWN ON 
TUJONCA SOIL EXPOSED DIRECTLY TO FALL-OUT FROM APPLE II SHOT* 


Distance at which soil was 
exposed to fall-out 

Miles from GZ Miles from midline 

Soil activity 
(K + 12 hr), 
pc/sq ft 

Crop activity 
harvested at D*35 days 
from 1 sq ft of soil, mpe 


Wheat Crop Harvested Just Beiore Exposure to Fall-out 

7 

2.4E 

57.4 

0.426 


0.6E 

2070.1 

0.293 


0.9W 

2475.5 

0.176 

48 

3.2E 

495.9 

0.239 


0.8E 

646.6 

0.318 


2.2W 

490.1 

0.072 


5.2W 

108.7 

0.198 


8.4W 

34.0 

0.177 


11.2W 

20.0 

0.013 

106 

34.OW 

19.9 

0.321 


38.OW 

1.2 

0.182 


41.5W 

1.7 

0.138 


Whect f rop Growing on Soil When Exposed to Fab-out 

7 

2.4E 

15.0 

0.560 


0.6E 

1487.0 

0.030 


0.9W 

2123.0 

0.533 

45 

3.2E 

201.0 

0.221 


0.8E 

251.0 

0.02/ 


2.2W 

274.0 

0.085 


5.2W 

50.1 

0.542 


8.4W 

51.0 

0.294 


11.2W 

9.0 

0.025 

106 

34.OW 

8.2 

0.014 


38.OW 

6.4 

0.367 


41.oW 


0.177 


•Fleet sample and instrument background readings deducted. 


function (t - 1Z ). Tnyroid activity was corrected for radioactive decay using the I 131 decay c n- 
stant. In the case of selective abstention of certain fissijn products by different tissues, jome 
error may be introduced by using the mixed-fission-product decay function. However, com¬ 
parisons of the observed radioactive oecay of the lung, muscle, femur, and GI tract sampled 
during a 2- to 4-week period following fall-out showed only slight deviation from the mixed- 
fiss: jn-prcduct decay iunction. During shorter time intervals after fall-out, greater deviations 
may occur; however, limited data indicate that the error introduced wo’ild be less than a factor 
of 2. The radioactive decay of liver and kidney, however, was more rapid as it approached a 
t* 20 decay slope. The observed decays were too variable to permit the selection of a better 
decay correction than the beta decay function of t -1 ' 2 . The values reported for liver and kidney- 
are probably low by a factor of 2 to 4. 

In reading this report, special care should be taken to note the relative time and location 
from which each sample was obtained (Fig. 3.3). As an example, only those animals sampled 
a comparable distance from the raidline of fall-out after similar exposure times to the fall¬ 
out-contaminated environment can be used to examine the effect of the distance of the sampling 
site from GZ, whereas data presented for a given species serially sampled from the same 
location over a period of time must be used to evaluate the biological persistence of radio¬ 
active fall-out. 

Of special interest in Tesla samples (Table 3.15) is the relatively high thyroid activity in 
the cottontail rabbit sampled to 65 miles from GZ, as compared to the thyroid burden of jack 
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TABLE 3.14—AVERAGE BETA ACTIVITY IN TI33UES OF ANIMALS* SAMPLED FROM 
AREAS ADJACEN " TO NTS IMMEDIATELY PRIOR TO OPERATION TEAPOT 


Location 
(see Fig. 3.3) 

Distance 

from 

Yucca Flat, 
miles 

Date 

sampled (1955) 

Lung 

Liver 

Fresh tissue, d/m/g 

Kidney Muscle Bone 

Caecum 



Jack Rabbits 






1 

40SW 

Feb. 4 

2.38 

2.27 

2.80 

3.30 

4.80 

12.5 



Feb. 4 

2.68 

2.54 

3.16 

2.68 

3.68 

11.1 

2 

17NNE 

Feb. 7 

2.26 

2.27 

3.25 

2.56 

6.59 

16.0 

3 

19NNE 

Feb. 7 

2.44 

2.92 

3.45 

2.81 

5.69 


3 

19NNE 

Feb. 7 

2.10 

2.47 

2.88 

3.10 

5 46 

17.3 

4 

19NNE 

Feb. 7 

2.14 

1.77 

3.08 

2.59 

5.11 

14.5 

5 

17NE 

Feb. 7 

2.30 

2.71 

3.06 

2.66 

1.46 


5 

17NE 

Feb. 7 

2.70 

2.05 

2.72 

2.87 

5.38 

12.3 

6 

61NE 

Feb. 9 

3.78 

2.96 

5.94 

2.43 

4.19 

8.29 

6 

61NE 

Feb. 9 

2.61 

2.50 

2.69 

3.08 

7.49 

11.0 

7 

48N 

Feb. 7 

2.24 

2.38 

3.84 

2.56 

6.51 

8.52 

8 

17N 

Feb. 15 

2.61 

3.38 

2.95 

2.15 

9.39 

14.7 

9 

17N 

Feb. 17 

2.67 

3.30 

2.54 

2.60 

6.98 

38.2 

10 

44NE 

Feb. 14 

2.55 

2.32 

2.53 

3.02 

1.70 

9.20 

10 

44NE 

Feb. 14 

2.00 

2.38 

2.56 

2.65 

2.15 

12.0 

10 

44NE 

Feb. 14 

2.60 

2.56 

2.31 

3.54 

1.98 

11.1 

10 

44NE 

Feb. 14 

1.93 

1.84 

2.66 

3.03 

3.32 

9.87 

10 

44NE 

Feb. 14 

2.0 

2.4 

2.07 

2.36 

3.19 

11.9 

11 

NTS 

Feb. 28 

2.35 

2.24 

2.32 

2.28 

1.42 

15.7 

12 

45SE 

Feb. 28 

2.26 

3.40 

3.78 

2.32 

5.78 

25.9 

26 mites west 









of Ely, Nev. 

140N 

Feb. 8 

2.26 

3.19 

2.70 

2.07 

4.33 

13.0 

Average d/m/g 



2.42 

2.56 

3.01 

2.70 

4.60 

14.4 

mpe/g 



0.001 

0.001 

0.001 

0.001 

0.002 

0.007 



Cottontail Rabbits 






13 

45SE 

Feb. 28 

3.81 

4.22 

3.77 

2.92 

3.98 

53.8 



Feb. 14 

3.36 

3.39 

5.56 

3.37 

11 92 

11.1 



Kit Fox 






14 

40SW 

Feb. 4 

1.78 

1.25 

2.26 

3.35 

1.16 

6.62T 



Feb. 4 

2.13 

1.74 

2.15 

3.27 

1.95 

3.08t 

15 

NTS 

Feb. 24 

1.53 

1.33 

2.27 

2.93 

0.86 

2.76t 

16 

31G 

Feb. 24 

1.78 

1.99 

2.58 

2.78 

2.20 

4.57t 

15 

NTS 

Feb. 28 

1.55 

1.56 

1.54 

3.0 


4.80t 

Average 



1.75 

1.57 

2.16 

3.06 

1.54 

4.37t 



Bobcat 






17 

45SE 

Feb. 4 

1,25 

1.81 

1.82 

2.75 


2.42t 



Gray Fox 






18 

45SE 

Mar. 6 

1.63 

2.19 

2.17 

2.87 

2.54 

4.641 

19 

45SE 

Mar. 10 

1.74 

2.39 

2.33 

4.47 

2.74 

4.J61 


* Tissue-reference values for this period are also available for Peromyscus, Ptrogmthus, Dipodomys, 
Citellus, and Neotoma. Data suggest that these values are similar to those given for jack rabbits, therefore 
they will so be considered in this report. 

t These values are from tissue samples of the stomach. 
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TAP' " 3,15—AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SAMPLED 
ALONG HE MIDLINE OF FALL-OUT FROM TESLA SHOT AT VARIOUS DISTANCES FROM GZ 


Animal 

species* 

No. of 
animals 

Distance 
from GZ, 
miles 

Sampling 
time (days 
after shot) 

Average activity extrapolated to time of sampling 
(wet-tissue basis),! m^ie/g 

Lung 

Liver 

Kidney 

Muscle 

Femur 

Thyroid 

GI 

D. microps 

2 

3.5 

2 

0.014 

0.103 

0.043 

0.030 

0.026 

23.7 

1.23 

D. merriami 

3* 

65 

25 

0.017 

0.016 

0.015 

0.013 

9.019 

9.15 

0.239 

D. deserti 

5 

65 

25 

0.008 

0.009 

0.008 

0.007 

0.021 

16.4 

0.310 

Citellus 


65 

25 

0.006 

0.007 

0.004 

0.009 

0.013 

2.71 

0.593 

D. merriami 

41 

93 

25 

0.005 

0.004 

0.006 

0.003 

0.011 

4.19 

0.058 

D. microps 

27 

23 

25 

0.006 

0.011 

0.007 

0.003 

0.013 

12.0 

0.063 

P. formosus 

4 

93 

25 

0.008 

0.009 

0.01.2 

0.008 

0.020 

13.8 

0.045 

L. califomicus 

1 

8.5 

1 

0.078 

0.090 

0.087 

0.104 

0.054 

19.2 

1.19 

L califomicus 

3 

65 

25 

0.011 

0.006 

0.009 

0.004 

0.019 

9.52 

0.368 

Sylvilagus 

1 

65 

D-day 

1.07 

0.340 

0.414 

0.494 

0.222 

110 

51.3 


1 

65 

25 

0.031 

0.026 

0.015 

0.006 

9.043 

33.4 

0.470 


* Genera: O =■ Dipodomys, P = Perognaikus, and L - Lepus (see Sec. 2.1,3). 
t Tissue-reference values deducted (Table 3.14). 


TABLE 3.16—AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SAMPLED 
ALONG THE MIDLINE OF FALL-OUT FROM APPLE I SHOT AT VARIOUS DISTANCES FROM GZ 


Animal 


No. of 


Distance, 

miles 


Sampling 
time (hours 


Average activity extrapolated to time of sampling 
(wet-tissue basis),t mpc/'g 


spec.es* 

animals 

GZ 

Midline 

after shot) 

Lung 

Liver 

Kidney 

Muscle 

Femur 

Thyroid 

GI 

D. merriami 1 

I 

12 

1.5 

20 

0.26 

1.72 

1.02 

0.13 

0.13 

'.36 

82.27 

D. microps 

1 


1.5 

20 

0.05 

0.74 

0.22 

0.14 

0.17 

2.86 

19.21 

L, califomicus' 1 

2 


2.0 

14 

0.19 

0.12 

0.21 

0.06 

0.42 

0.88 

27.88 

L. califomicus 

1 


0.5 

15 

0.25 

0.12 

0.15 

0.08 

0.21 

2.03 

7.52 

D. microps 

3 

40 

1.0 

76 

0.05 

0.22 

0.12 

0.05 

0.15 

t .65 

1.45 

P. formosus 3 

1 


1.0 

76 

0.32 

0.21 

0.17 

0.16 

0.63 

4.87 

3.48 

L. califomicus 

1 

63 

0.5 

54 

0.07 

0.01 

0.13 

0.06 

0.01 

19.4 

15.55 

L. califomicus 

5 

80 

0.5 

60 

0.10 

0.97 

0.38 

0.32 

0.54 

12.65 

14.01 

L. cadfomicus 

2 


0.5 

84 

0.06 

0.98 

0.36 

0.06 

0.10 

7,18 

4.C4 

L. califomicus 

5 


2.0 

276 

0,02 

0.02 

0.02 

0.01 

0.06 

5.82 

0.60 

S. audubom * 

2 


2.0 

50 

0.13 

0.07 

0.15 

C.05 

0.05 

13.9 

3.73 

D. microps 

1 


0.5 

96 

0.03 

0.41 

0.14 

0.C4 

0.20 

11.8 

2.47 

P. formosus 

1 


0.5 

96 

0.03 

0.04 

0.07 

0.03 

0.04 

16.1 

0.43 

L. califomicus 

1 

92 

2.0 

72 

0.08 

0.03 

0.10 

0.04 

, 42 

0.90 

0.26 

P, maniculatus * 

9 

140 

5.0 

42 

0.17 

0.26 

0.14 

0.23 

0.19 

5.51 

2.42 

P. maniculatus 

S 


5.0 

54 

0.95 

0.09 

0.04 

0.03 

0.15 

3.00 

0.36 

L. califomicus 

4 


0.5 

43 

0.13 

0.18 

0.07 

0.12 

0.24 

3.25 

7.13 

L. califomicus 

3 


0.5 

280 

0.01 

<0.01 

<0.01 

<0.01 

0.01 

1.21 

0.31 

S. audubom 

1 


0.5 

42 

0.81 

0.21 

0.11 

0.03 

0.09 

7.31 

2,52 

L. califomicus 

6 

165 

10.0 

43 

0.04 

0.18 

0.14 

0.07 

0.09 

2.64 

2.54 

L, califomicus 

4 


10.0 

284 

<0.01 

<0.01 

<0.01 

<0.01 

0.02 

4.48 

0.15 


•Genera: 1. Dipodomys, 2. Lepus, L Perognathus, 4. Sylvilagus, and 5. Peromyscus (see Sec. 2.1.3). 
t Tissue-reference values deducted (Table 3.14). 
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TABLE 3.17 —AVERAGE BETA ACTIVITY If TISSUES OF NATIVE ANIMALS SAMPLED 
ALONG THE MIDLfNE OF FALL-OUT FROM MET SHOT AT VARIOUS DISTANCES FROM OZ 




Distance, 


Average activity extrapolated to time of sampling 

Animal 

No. of 

mile* 

time (hours 



(wet-tissue basis),) mpe/g 


species* 

animals 

GZ Midline 

after shot) 

Lung 

Liver 

Kidney 

Muscle 

Femur 

Thyroid 

GI 

D. merriami 1 

5 

20 0.0 

34 

1.29 

1.54 

1.55 

0.43 

2.84 

94.8 

38,9 

N. lepida * 

S 


54 

5.75 

2.08 

2.57 

1.07 

17.25 

125.3 

87.2 

P. formosus 1 

18 


54 

1.23 

2.81 

3.23 

2.SS 

3.72 

33.5 

132.4 

0. torridus 4 

1 


54 

2.33 

1.60 

1.29 

1.80 

21.04 

105.9 

47.0 

D. merriami 

23 

58 0.2 

36 

0 55 

0.91 

9.01 

0.49 

0.65 

203.8 

35.3 

D. deserti 

2 


36 

0.36 

0.55 

0.71 

0.30 

1.06 

228.7 

32.9 

D. formosus 

2 


44 

1.05 

1.40 

1.33 

0.66 

1.03 

98.8 

48.6 

0. torridus 

3 


44 

1.08 

1.51 

1.00 

0.63 

4.88 

132.3 

66.3 

C. leucurus * 

1 


36 

0.75 

0.56 

0.55 

1.12 

6.81 

222 3 

64.7 

L. califomicua * 

4 

140 3.0 

34 

0.55 

0.44 

0.87 

0.02 

0.88 

97.2 

26.8 

L. califomicua 

1 

1.5 

60 

0.53 

0.53 

0.60 

0.02 

0.72 

81.0 

66.3 

D. micropa 

8 

1.3 

36 

0.07 

0.19 

0.16 

0.12 

0.23 

22.1 

6.9 

D. micropa 

1 

1.3 

72 

0.02 

0.07 

0,09 

0.03 

0.19 

10.2 

1.7 

D. ordii 

1 

1.3 

72 

0.08 

0.07 

0.15 

0.06 

1.05 

1.37 

0.6 

P parvus 

9 

1.3 

36 

0.21 

0.33 

0.19 

0.88 

0.70 

28.0 

9.4 

P. parvus 

1 

1.3 

72 

0.04 

0.23 

0.05 

0.06 

0.03 

21.6 

7.3 

R. mega lulus 1 

4 

1.3 

36 

0.28 

0.91 

0.65 

2.29 

1.59 

20.8 

32.9 

R. megaiutus 

2 

1.3 

44 

0.18 

0.71 

0.63 

0.46 

1.26 

55.5 

16.9 

R. megalu'us 

10 

1.3 

72 

0.08 

0.31 

0.23 

0.19 

0.88 

46.9 

8.3 

P. maniculatus * 

5 

1.3 

36 

3.44 

0.69 

0.59 

0.28 

2.75 

92.5 

19.4 

P. maniculatus 

3 

1.3 

44 

0.21 

1.10 

0.73 

0.40 

5.56 

86.4 

0.2 

P. maniculatus 

6 

1.3 

72 

0.07 

0.19 

0.14 

0 18 

1.38 

33.1 

5.2 

M. megacephalus* 

3 

1.3 

72 

0.08 

0.14 

0.07 

0.25 

1.01 

12.8 

4.4 

•Genera: 1. Dipodomys, 2. Neotoma, 

3. Perognatkus, 4. Onychomys, 5. CitetLs, 6. 

Lepus, 7. Reitkrodon- 

tomys, 8. Peromyscus and 9. Microdipodops (see Sec. 

2.1.3), 







t Tissue-reference values deducted (Table 3.14). 









TABLE 3.18—AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SAMPLED 
ALONG THE MIDLINE OF FALL-OUT FROM APPLE II SHOT AT VARIOUS DISTANCES FROM GZ 


Animal 

No. of 

Distances, 

miles 

Sampling 
time (hours 

Average activity extrapolated to time of sampling 
(wet-tissue basis),) mpe/g 

species* 

animals GZ 

Midllne 

after shot) 

Lung 

Liver 

Kidney 

Muscle 

Femur 

Thyroid 

GI 

L. califomicua 

1 

29 

4 

42 

0.67 

0.15 

0.79 

0.05 

0.24 

9.0 

7.19 

L. califomicus 

1 

36 

2 

40 

0,17 

0.13 

0.14 

0.07 

0.23 

9S.2 

3.65 

L. califomicus 

l 

36 

2 

46 

0.16 

0.31 

0.14 

0.06 

3.23 

37.9 

6.38 

L. califomicus 

1 

36 

2 

46 

0.06 

0.11 

0.11 

0.05 

0.36 

18.1 

1.12 

L. califomicus 

1 

38 

1 

40 

0.20 

0.38 

0.45 

0.27 

2.30 

44.7 

14.9 

L. califomicus 

1 

38 

0 

tl 

0,07 

0.08 

0.10 

0.03 

0.47 

13.5 

5.94 

C. latrans 

1 

36 

n 

38 

0.05 

0.04 

0.03 

0.09 

0.01 

17.5 

0.22 

L. califorricus 

1 

45 

1 

42 

0.08 

0.34 

0.34 

0.14 

0.39 

98.4 

1536 

L. califomicus 

1 

48 

1.2 

42 

0.! 

0.12 

0.14 

0.17 

0.23 

81.7 

10.1 

L. califomicus 

1 

48 

0.2 

42 

0.34 

0.28 

0.45 

0.94 

3.67 

191 

26.5 

L. califomicus 

1 

48 

5.8 

41 

0.11 

0.13 

0.16 

0.08 

<0.27 

389 

92,7 

L. califomicus 

1 

48 

5.8 

40 

0.31 

0.83 

0.44 

0.10 

0.69 

57.2 

19.3 

L. califomicus 

1 

48 

6.8 

43 

0.10 

0.29 

0.21 

0.08 

0.29 

48.2 

7.53 

D. microps 

13 

48 

0.8 

56 

0.02 

0.02 

0.02 

0.02 

0.29 

40.3 

7.47 

P. parvus 

1 

100 

0 

51 

0.13 

0.28 

0.46 

0.48 

0.39 

123 

17.8 

P. formosus 

2 

190 

0 

51 

0.31 

0.57 

0.17 

0.72 

13.9 

349 

28.1 


• Genera: L - Lepus, C * Cams coyote, D = Dipodomys, and P ■ Perognatkus (see Sec. 2,1.3). 
f Tissue -reference values deducted (Table ?.U,. 
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Fig. 3.3 — Biological reference trations, February-March 1955. 
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TABLE 3.19 —AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SAMPLED 
ALONG THE MID1JNE OF FALL-OUT FROM SEVERAL 8HOT8 AT VARIOUS DISTANCES FROM GZ 


Animal 

No. of 

Distance, 

miles 

Average activity extrapolated to time of sampling 

species* 

animals 

GZ 

Midline 

after shot) Lung 

Liver 

Kidney 

Muscle 

Femur 

Thyroid 

GI 

L. califomicus 

1 

11 

0 

15 

Turk Shot 

1.10 

0.25 

0.58 

0.52 

0.50 

0.88 

443 

Sylvilaguo 

1 

11 

C 

230 

0.74 

1.97 

1.36 

0.15 

1.44 

3279 

34.3 

P. longimembris 

2 

100 

0 

33 

Bee Shot 

0.01 

0.08 

0.01 

0.02 

0.07 

8.08 

0.82 

P. formosus 

1 

100 

0 

33 

0.88 

0.98 

1.20 

1.23 

1.30 

7.99 

19.7 

D. mer'iami 

1 

15 

0 

20 

Ess Shot 

2.07 

1.98 

1.13 

0.92 

4.97 

m 

73.1 

D. merriami 

1 

30 

0 

24 

4.09 

2.35 

3.06 

3.52 

34.0 

141 

143 

L. califomicus 

1 

30 

2 

10 

1.37 

1.06 

1.87 

0.76 

1.75 

30.3 

103 

L. califomicus 

1 

15 

1.8 

12 

0.32 

0.41 

0.52 

0.22 

0.62 

86.5 

32.6 

L. califomicus 

1 

15 

1.9 

11 

1.05 

0.80 

1.02 

0.47 

1.07 

20.4 

89.1 

L. califomicus 

1 

15 

8 

7 

1.70 

1.69 

1.03 

0.40 

0.95 

54.9 

18.4 

L. califomicus 

1 

15 

9.5 

6 

0.35 

0.08 

0.16 

0.12 

0.31 

1.04 

2.53 

D. merriami 

1 

45 

0 

30 

Post Shot 

0 

0.06 

0.02 

0.09 

0.07 

0.14 

1.91 

D. deserti 

9 

45 

0 

30 

0.01 

0.04 

0.02 

0.02 

0.03 

18.0 

0.71 

N. lepida 

3 

45 

0 

25 

0.19 

0.09 

0.09 

0.05 

0.17 

4.0 

0.81 


* L = Lepus, P = Perognathus, D - Dipodomys, and N = Neotoma (see Sec. 2.1.3). 
T Tissue-reference values deducted (Table 3.14). 


TABLE 3.20 —RELATIVE CONTRIBUTION OF RADIOACTIVE ISOTOPES OF IODINE TO THE 
THYROID TISSUE DOSE OF NATIVE ANIMALS SAMPLED FROM FALL-OUT-CONTAMINATED AREAS 


Shot 

Animal species 

Distance from 
GZ, miles 

Sampling time 
(hours after 
shot) 

Sampling time, 
mr/ljr 

Total thyroid activity. % 

I m I ,M Other 

Turk 

Bobcat 

12 

192 

<0.5 

10(. 




Kangaroo rat 

i 

264 

50 

100 




White-footed mouse 

1 

240 

50 

100 



Apple 

Pocket mouse 

20 

30 


7 

90 

3 

Post 

Pocket mouse 

6 

27 

12 

12 

88 

Trace 


Pocket mouse 

6 

27 

12 

9 

91 

Trace 


Kangaroo rat 

6 

27 

12 

8 

92 

Trace 


Kangaroo rat 

6 

27 

12 

9 

31 

Trace 


Kangaroo rat 

6 

54 

12 

20 

70 

9.5 


Ground squirrel 

6 

f 4 

12 

23 

70 

7 

_ 

Jack rabbit 

7 

63 

5 

32 

68 

Trace 
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rabbits and kangaroo rats sampled in the same and in adjacent areas. Also of interest is the 
persistence of the thyroid burden, which, after 25 days, is still roughly 30 per cent of the 
burden measured on D-day, even though the activity <s due to I 111 with a radiological half life 
of 8.04 days. 

The levels of fall-out contamination were five to ten times lower for Apple shot than those 
for Met shot (documented by Project 27.2). This was reflected in the activity of the tissues 
from animals collected at various distances from GZ (Tables 3.16 and 3.17). 

The biological accumulation of fission products as a result of contamination by the Apple 
Q detonation (Table 3.18) tended to be greater as the sampling site approached the midline of 
fall-out. This phenomenon appears to be typical of all fall-out patterns. In the case of the 
Apple II fall-out pattern, the variations that occur are partly attributable to the apparent lack 
of a single well-defined midline of fall-cut at the distances studied. 

Table 3.19 summarizes data collected by spot sampling following various Operation Tea¬ 
pot detonations. Thyroid activity was detected in all cases, regardless of what level of fall¬ 
out occurred. Thus, the thyroid becomes a qualitative indicator as to whether or not biologi¬ 
cally available fall-out is present during the first week or two following a detonation. Efforts 
were made in the field laboratory to resolve the various isotopes of radioiodine in the thyroid 
by analyses of the radioactive decay curves of thyroid tissue: these data are summarized in 
Table 3.20. 

Generally, the radioactivity found in the GI tract was markedly higher than that in the 
lung at all time periods studied. High levels of activity were detected in the thyroid tissue. 
Muscle tissue generally contained the lowest amount of radioactivity. 

3.2.3 Serial Sampling of Native Animals from Fall-out-contaminated Environments 

Table 3.21 summarizes the changing levels of fission products in a population of animals 
collected daily for 7 days and again on the fifteenth day for an environment 12 miles from GZ 
which was contaminated by radioactive fall-out from Apple n shot. 

Although the levels of radioactivity were variable among the different species of animals, 
measurable amounts of radiation persisted in the tissues for at least 2 weeks after fall-out. 

In the case of the thyroid gland, the tissue burden actually increased during the 2-week sam¬ 
pling period. The high activity levels of the GI tract (compared with those of the lung, in ad¬ 
dition to the rapid decline in lung activity by D + 4 days) suggest that inhalation is of secondary 
importance to ingestion as a path of uptake of the metabolized fission products. 

Table 3.22 shows the radioactivity in tissues of jack rabbits serially collected from cer¬ 
tain areas contaminated by radioactive fall-out from Apple I and Met shots. Even 6 months 
after contamination, tissue burdens of twice the normal value were apparent, except in the 
case of the lung and the GI tract. A striking example was bone, which, 6 months following con¬ 
tamination by Met shot, showed a tissue burden of almost six times the normal value. 

The radioactivity in the bone is further documented, in terms of radiostrontium content, 
in Table 3.23. It will be noted that, in the case of both Apple I and Met shots, the radiostron¬ 
tium content of the bone tended m increase with time, suggesting that the strontium burden of 
the bone was the result of chronic exposure to residual fall-out rather than to a single ex¬ 
posure at the time of fall-out. The occurrence of radiostrontium in the bones of animals col¬ 
lected along the midline of several residual fall-out patterns from October to December 1955 
is summarized in Table 3.24. Of particular interest is the high radiostrontium content of the 
bone at Enterprise, Utah, 133 miles from Met shot GZ; at Steptoe, Nevada, 105 miles from 
Apple n shot GZ; and at Mormon Mesa, Nevada, 94 miles from Tesla shot GZ. 

Because of the low level of radiostrontium, it was desir ible to report the data in Tables 
3.23 and 3.24 in disintegrations per minute rather than in microcuries. Some error may be 
anticipated since the data reported were prepa-vd at two different time intervals, October to 
December 1955 and June to July 1956. Since analysis of radioactive decay curves has revealed 
the presence of varying amounts of Sr 1 ', the length of time during which samples are stored 
before processing, as well as the time at which samples are obtained from the field, can in¬ 
fluence the relations described in Table 3.23. Such errors are not inherent in the data of 
Table 3.24 since, in these cases, all analysis ard sampling were done during comparable time 
intervals. 
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3.2.4 Inhalation Studiei 


Dutch rabbits, prel icated and exposed ‘.n restraining cages to various coni \tions of the 
initial fall-out of two d< tonations, have failed to yield definitive data as to whether or not in¬ 
halation contributes significantly to the total-body burden. Radioanalysis of the various tis¬ 
sues of the experimental animals used for inhalation studies during Met and Apple Q shots has 
revealed radioactivity less than twice the level of the control series; thus it appears that in¬ 
halation is of secondary importance to ingestion as a path of fission-product absorpMon. 

These conclusions 2 were in agreement with data collected by Project 37.3. 

It should be noted that, in terms of gross beta activity, the external contamination on the 
skin and pelt of the animals has been observed to account for between 22 and 62 per cent of 
the total beta radioactivity associated with the animal. In attempting to reconstruct the dy¬ 
namics of fall-out assirillation by animals, the skin as a source of fall-out material to 
animals during preenin; should not be overlooked. 


TABLE 3.21—AVERAGE BETA ACTIVITY IN TISSUES OF NATIVE ANIMALS SERIALLY 
SAMPLED ALONG THE MIDLINE OF APPLE II SHOT FALL-OUT, 12 MILLS FROM GZ 


Animal 


No 


Distance 

from Sampling 
midline, time (days 


Average activity extrapolated to time of sampling 
(wet-tissue basis),! ropc/g 


species* 

anlti.4.3 

miles 

after shot) 

Lung 

Liver 

Kidney 

Muscle 

Femur 

Thy roid 

GI 

D. merri'imi 1 

1 

0 

D-day 

0.26 

1.72 

1.03 

0.23 

0.12 

1.4 

8.2 

D. microps 

1 

0 


0.05 

0.74 

0.22 

0.15 

0.x 7 

3.9 

20.6 

L. califormcus 1 

3 

4.0 


0.21 

0.16 

0.19 

b.07 

(1.35 

1.3 

21.1 

L. califormcus 

1 

4.S 

1 

0.17 

0.14 

0.14 

0.17 

0.16 

3.4 

5.1 

5. auduboni 5 

1 

3.0 


2.00 

1.53 

2.12 

1.21 

0.93 

122.4 

28.1 

P. longimembris* 

5 

0 


0.29 

1.82 

1.13 

1.33 

1.06 


39.6 

C. leucurus 5 

1 

0 


0.19 

1.62 

0.89 

0.31 

1.11 

36.1 

7.7 

S. auduboni 

1 

0.5 

2 

0.26 

0.15 

0.33 

0.28 

2.10 

38.6 

1.5 

D. microps 

2 

0 


0.94 

0.31 

0.08 

0.03 

0.25 

14.1 

1.1 

D. microps 

6 

0 

3 

0.12 

0.47 

0.27 

0.06 

0.33 

17.1 

3.7 

L. rufus • 

1 

0.5 


C.14 

0.28 

0.17 

0.10 

0.34 

77.3 

8.2 

D. microps 

2 

1.5 

4 

0.95 

0.23 

0.09 

0.03 

0.28 

41.9 

1.4 

P. longimembris 

13 

0 


0.05 

0.43 

0.14 

0.43 

0.24 


3.2 

P. formosus 

1 

0 


0.06 

1.00 

0.38 

0.32 

0.63 

24.8 

4.3 

D. microps 

1 

0 

5 

0.07 

0.30 

0.12 

0.04 

0.14 

4.78 

3.7 

P. longimembris 

1 

0 


0 

0.11 

0.15 

0.07 

0.14 

18.7 

3.9 

C. leucurus 

2 

0 


0.06 

Q.23 

0.1? 

0.03 

0.20 

88.6 

1.7 

0. torridus 1 

1 

0 


0.07 

0.14 

0.13 

0.13 

0.50 

7.10 

1.0 

L. califormcus 

1 

0 

6 

0.05 

0.12 

0.12 

0.03 

0.21 

6.28 

5.8 

S. auduboni 

1 

0.5 


0.13 

0.32 

0.14 

0.03 

0.14 

1.15 

2.9 

D, microps 

1 

0 


0.11 

0.13 

0.09 

0.01 

0.11 

27.3 

0.7 

P. longimembris 

1 

0 


0 

0 

0 

0 

0 


1.9 

C, leucurus 

1 

0 


0.04 

0.07 

0.05 

0.04 

0.18 

98.2 

0.7 

P. maniculatus * 

1 

0 


0.33 

0.89 

0.39 

0.42 

23.04 

113.3 

3.9 

L, califormcus 

1 

2.5 

i 5 

0.02 

0.07 

0.05 

0.01 

0.14 

34.3 

1.4 

S. auduboni 

1 

2.0 


0.11 

0.11 

0.09 

<0.01 

0.10 

29.6 

1.0 


•Genera: 1. Dipodomys, 2. Li pus, 3. Sylvilagus, 4. Perognatkus, 3. Citellus, 6. Lynx bobcat, 7. Onycko- 
mys, and 8. Permnyscut (see Sec. 2.1.3). 
t Tissue-reference values deducted (Table 3.14). 
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TABLE 3.22 —AVERAGE BETA ACTIVITY IN TISSUES OF JACK RABBITS SERIALLY COLLECTED 
FROM SELECTED AREAS CONTAMINATED BY FALL-OUT FROM APPLE I AND MET SHOTS 


Distance from 
GZ, miles 

No. of 
animals 

Sampling time 
(days after 
shot) 

Average activity extrapolated to time of sampling 
for fresh tissue,* mpc/g 

Lung 

Caecum 

Liver 

Kidney 

Muscle 

Bone 




Apple Shot 





63 

1 

2 

0.074 

15.6 

0.158 

0.136 

0.064 

0.146 


2 

230 

0.001 


0.003 

0.003 

0.004 

0.0C4 

80 

4 

2 

0.116 

16.5 

0.817 

0.067 

0.385 

0.639 


2 

3 

0.061 

4.35 

0.990 

0.055 

0.376 

0.103 


5 

1C 

0.021 

0.606 

0,021 

0.018 

0.010 

0.060 


5 

220 

0.001 

0.006 

0.003 

0.002 

0.003 

0.003 




Met Shot 





140 

1 

1 

0.222 

4.41 

0.655 

1.35 

0.022 

1.85 


1 

2 

0.531 

81.1 

0.529 

0.606 

0.020 

0.711 


5 

187 

0.001 

0.004 

0.002 

0.002 

0.002 

0.013 

Average 









“normal” 









activltyt 

21 

Preseries 

0.001 

0.007 

0.001 

0.001 

0.001 

0.002 


•Tissue-reference values deducted (Table 3.14). 
tSee Table 3.14. 


TABLE 3.23—AVERAGE RADIOSTRONTIUM IN FEMUR OF JACK RABBITS 
SERIALLY COLLECTED FROM SELECTED AREAS CONTAMINATED BY 
FALL-OUT FROM APPLE I AND MET SHOTS 


Beta content of bone 
(wet-tissue basis) 


Distance 
from GZ, 

No. of 

Sampling 
time (days 

Total, 

Radiostrontium 

miles 

samples 

after shoi) 

d/m/g 

d/m/g 

% 



Apple Shot 




63 

1* 

2 

9.23 

1.52 

16.5 


2t 

230 

10.3 

2.68 

22.1 

80 

5* 

2 

6.01 

0.79 



1* 

10 

8.90 

0.82 

9.3 


5t 

^'O 

6.42 

1.78 

28.6 



Met Shot 




140 

1* 

1 

13.1 

2.82 

18.4 


1* 

2 

10.6 

2.46 

23.3 


3t 

187 

29.9 

12.12 

40.2 


•Date of analysis, June to July 1950. 
t Date of analysis, October to December 1955. 
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TABLE 3.24—AVERAGE RADIOSTRONTIUM IN FEMUR OF JACK RABBITS 
SAMPLED ALONG THE MIDLINE OF THREE RESIDUAL FALL-OUT 
PATTERNS FOLLOWING OPERATION TEAPOT (OCTOBER-NOVEMBER 1955) 


Description of sampling conditions 

Beta content of bone (wet-tissue basis) 

,-—*-, 

Total t RadiostrontiumJ 

d/m/g d/m/g % 

Miles from 

GZ 

Relative dose 
rate* at collection, 
mr/hr 

No. of 
animals 



Met Shot 





44 

1.1 

3 


12.0 

2.56 

21.3 

83 

0.42 

3 


18.7 

4.20 

29.8 

133 

0.33 

10 


29.6 

12.1 

40.8 

176 

0.19 

3 


11.5 

4.05 

3».2 

109 

0.09 

6 


17.1 

5.50 

32.1 

232 

0.07 

3 


12.0 

5.40 

45.0 

417 

0.08 

3 


13.8 

2.67 

19.3 



Apple II and Turk Shots 




5 

5.5 

2 


10.8 

3.55 

32.8 

20 

0.4 

4 


13.4 

2.62 

19.5 

106 

0.13 

3 


7.0 

5.62 

80.2 

130 

0.11 

3 


6.1 

4.11 

67.3 

155 

0.14 

3 


12.5 

4.58 

36.6 



Tesla and Apple I Shots 




12 

0.5 

3 


8.7 

2.75 

31.6 

44 

1.1 

3 


12.0 

2.51 

20.9 

66 

0.08 

3 


7.3 

2.92 

40.0 

94 

0.05 

3 


11.9 

4.94 

67.7 

136 

0.01 

4 


9.2 

2.04 

44.4 


•Values above backg jund were determined by a Nuclear Model 2610A G-M survey meter, vith 
the window open, 1 in. from the ground. 

t Tissue-reference values not deducted (see Sjc. 3.2.3). 
t Date of analyses, October to December 1955. 
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Chapter 4 


DISCUSSION 


4.1 PLANT AND SOIL EXPERIMENTS 

4.1.1 Foliage Retention of Fall-out Materials with Respect to Particle-size 
Deposition, Distance from GZ and Midline of Fall-out, and Leaf-surface 
Characteristics 

Evidence that the predominant size of fall-out particles retained on plant foliage generally 
ranged from 0 to 44 p In diameter suggested that the degree of foliage contamination might be 
a function of the mechanical distribution of fal'-out particles of this size range in the fall-out 
pattern. To demonstrate this relation, plant contamination, total soil contamination, and the 
radioactivity contributed by the less than 44 -p particle-size fraction were plotted with respect 
to distance from GZ for Tesla, Apple L Met, and Apple n shots (Figs. 4.1 to 4.4). The plotted 
data are for nlants exhibiting similar leaf-surface morphology and for soil data collected from 
the same locations at comparable distances from the midline of fall-out at each distance from 
GZ. 

The plots shew the correlation between plant activity and the occurrence of the less than 
44-p particle-size ‘raction near the midline of fall-out at increasing distances from GZ. For 
Teala and Apple II shots, there was less radioactivity in the small-sized fractions of fall-out 
separated from the soil in proportion to the total soil contamination at distances less than 20 
miles from GZ than for Apple I and Met shots. 

A comparison of the results obtained from Met shot with those obtained from the other 
shots suggests an influence of the particle size of the surface soil located at GZ on the size 
ranges of fall-out. particles distributed in the fall-out pattern and, in particular, at distances 
close to GZ. Met shot was detonated on a dry lake bed over soil consisting predominantly of 
panicles in the clay and silt size ranges. The other shots studied were detonated over soil 
consisting of unconsolidated parent material of rock, sand, slit, and clay size fractions. This 
predominance of small-sized particles at Met shot GZ is believed to account for the higher 
levels of activity in the less than 44-p particle-size fall-out fraction at 20 miles from GZ than 
the levels observed tor the other shots at comparable distances. 1 

Table 4.1 shows the ratios for the millimicrocurie levels of plant activity per gram of 
dry, native plant material and tho microcurie levels of fall-out activity contributed by parti¬ 
cles less than 44 p in diameter for Tesla, Apple I, Met, and Apple II shots relative to distance 
from GZ. Data for plants with similar leaf-surface characteristics collected near the midline 
of fail-out were used for these calculations. Also, the assumption was made that the volume 
per gram of dry plant material (and, consequently, the surface area) was constant for each 
plant species at various distances from GZ. The plant-activity and the less *han 44-p eoil- 
fraction-activity ratios were comparable at each sampling distance from GZ for each of the 
shots studied; however, the Met shot ratios were from six to eight times greater than those 
for Tesla, Apple 1, and Apple D shots. This greater ratio for Met shot was sttributed to the 
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TABLE 4.1 --RATIOS OF PLANT CONTAMINATION TO THE OCCURRENCE OF THE LESS 
THAN 44-p FALL-OUT PARTICLE-SIZE FRACTION AS A FUNCTION OF DISTANCE OF 
THE SAMPLING LOCATION FROM GZ 


Shot 

Distance 
from GZ, 
miles 

Plant aotlv'ty/g of dry tissue, mpe 
<44-u soil fraction/sq it, pc 

Tesla 

12 

2.23 


60 

2.21 


79 

2.26 


96 

2.09 

Apple I 

12 

2.78 


40 

2.36 


80 

2.02 

Met 

20 

12.64 


80 

18.00 


140 

18.23 

Apple il 

7 

2.39 


48 

2.32 


106 

2.00 


detonation conditions, which resulted in a higher degree of activity per unit area of leaf sur¬ 
face due to the greater number of active particles retained per unit leaf area (see Tables 3.3 
to 3.7). 

A sufficient number of sampling stations transecting the path of fall-out was contaminated 
with Apple Q shot faJ-out at 48 miles from GZ to permit an examination of the relations be¬ 
tween plant activity and soil particie-size activity with respect to the lateral distance of the 
sampling site from the midline of fall-out (see Tabl. 3.1). For this particular shot, there was 
good correlation between plant activity and both total activity and particle-size ranges less 
than 44 u in diameter. 

Leaf-retention study techniques developed during Operation Teapot have proved to be an 
effective means of determining fall-out particle-size distribution on plant foliage. The reten¬ 
tion of particles pr edominantly less than 44 p in diameter is attributable to the mechanical¬ 
trapping characteristics found on most plant leaf surfaces, as shown in Fig. 4.5. The photo¬ 
graphs show fall-out particUs oi less than 100 in diameter trapped in the matted hairs on 
a Sphaeraleea leaf surface and on the glutinous surface of a Viola leaf. The degree of radio¬ 
activity retained on plant foliage is influenced by the area of leaf surface and the mechanical- 
trapping characteristics of the leaf surface. 

An Interesting observation made while scanning leaf surfaces for fall-out particles war 
an apparent radiation burn on a Sphavral' t a leaf surface caused by a single fall-out particle 
of 437 in uiamster which had a beta-activity level of 0.291 pc at H ♦ 12 hr. The hole that was 
burned *nto the leaf surface and the particle that was removed from the burned area are shown 
in Fig s 6 Photographs taker, while the particle was embedded In the burned area did not 
give suitable contrast to permit photographic reproduction. 

Foliage.retention studies during Operation Teapot have shown that plant leaves are selec¬ 
tive collectors of fall-out particles leas than 44 in diameter ar>d that the degree of radio¬ 
active contamination found on plant foitage deposed to Tail-out materials is a function of th* 
mechanical distribution of fail-out parbvles less than 44 n In diameter at distances within 
140 mt.es from GZ Data from greater distances w -re not obtained for the four shots studied 
The raGos o* plant activity to the less thar. 44- ; . particle else may oe expected to vary, de¬ 
pending upon the conditions of the shot detonation For shot# similar to Tesla. Apple I, and 
Apple If these ratios may vary from 2 to 3 for d<*tanc£s within 140 miles from GZ However, 
the ratio mi' be from six to eigt t times grvatei for shots comparable to Met. The fall-out 
particle -si*- range ’evs : han 44 ... >n -ji» meter ah*wild be considered to be of greatest biologi¬ 
cal stgnif'cance beefcuae of its high degree *d retention on the foliage of forage plants These 












am&ll-sized particles will be a major source of activity to cattle feeding on forage crops ex¬ 
ternally contaminated with fall-out materials. 

The metabolic accumulation of fission products by plants as the result of foliar absorp¬ 
tion of soluble fall-out material has not been observed for plant contaminations within 200 
miles from NTS to be attributable specifically to continental detonations in the l-iited States. 
The British, however, report significant accumulation of fission products by foliar absorption 
of soluble fall-out debris. 2 Studies of plant contamination by fall-out from the British Opera¬ 
tion Hurricane, Monte Bello, showed that foliage co'lected about 2 weeks after fall-out was 
contaminated with superficial fall-out particles. Samples collected about 14 months later 
indicated that considerable contamination by absorbed materials had occurred. The greater 
part of the early fall-out material collected !**om the Burricahe test war observed to be 
soluble in water or in dilute salt solutions. Apparently this was an entirely different type of 
fall-out material from the relatively insoluble fall-out debris observed during Operation 
Teapot. 

4.1.2 Decontamination of Plant Foliage and the Solubility of Fall-out Materials 
in Washing Solutions 

Data from decontamination experiments >avs shown that over half of the radioactivity 
from fall-out materials retained externally on plant foliage can be removed by washing 
treatments with practical solvents. It would appear that solutions of detergents and chelating 
agents are the most effective for decontamination purposes. Natural wind action may remove 
some of the external contamination, depending upon its Intensity and duration. Significant 
amounts of small-sized particles persist on the plant foliage, as the result of being mechani¬ 
cally trapped in the matted hairs and crevices of the leaf surface. The effectiveness of decon¬ 
tamination is influenced by the ability of plant materials to withstand washing treatments and 
by their particle-retention characteristics. 

The washing procedures normally used in the cleaning of fruits and vegetables before 
packing, shipping, and storing for human consumption will greatly aid in removing fall-out 
contamination. Certain modifications in washing procedure would increase the removal of 
fall-out particles; however, this should not be done at the expense of damaging the food prod¬ 
ucts. Fruits and vegetables normally peeled or removed from their hulls or shells in process¬ 
ing may be thoroughly decontaminated Leafy vegetables contaminated with fall-out materials 
could be discarded from the human diet, along with fresh fruits and vegetables that have poor 
keeping qualities after being washed. 

Forage crops cannot be thoroughly decontaminated by washing treatments, nor 13 i: prac¬ 
tical to do so. This could impose the need for farmers to have stored supplies of livestock 
feed available to sustain their animals until the activity of the contaminated feed has decayed 
to a level permissible for livestock feeding because forage erops externally contaminated with 
fall-out particles are a major source from which animals may assimilate fall-out materials. 

Most plant food products consumed by humans can be decontaminated, but meat and dairy 
products may become sources from which radioactive materials are available. Data on the 
solubility of foH tge-retained fall-out materials in 0 IN HC1 suggest that significant amounts 
of these materials may become soluble in the GI tract upon being ingested. 

The degree oi solubility is a function of the condition at detonation, and, therefore, the 
biological hazard from internal emitters ingested in fail-out cannot be generalized Although 
the Operation Teapot fall-out materials were observed to be up to 20 per cent soluble in 
O.lN KC1, samplee of fall-out materials collected from the British Operation Hurnc,'.'iir showed 
solubilities of up to 97 per cent In water and dilute salt solutions. 2 

4.1.3 Availability of*Fall-out Materials to Plants from Co itaminated Soils as 
Influenced by Farm-management Practices 

Radioactive materials from fail -out-contaminated soil are available to crop plants, how 
ever, the levels of activity taken up from soils contaminated during Operation Teapot were 
very amaii in comparison to the levels of fall-out contamination deposited on the soil Data 
show that minute levels of activity were taken up by red clover plants up to a oerod of about 
1 year a.'ter fall-out occurred. Radioactive materials taken up by way j! th* root system are 
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of greater biological significance to plants during the chronic phase following fall-out con¬ 
tamination than they are in the acute phase, during which time fall-out materials retained cn 
the external surface of plant foliage are of greatest biological significance. Of the longer- 
lived fission products, laboratory experiments have shown th-t radiostrontium is the most 
readily available to plants. s “® Radiostrontium was found to account for 2 to 5 per cent of the 
total beta activity In plant ash from a limited number of samples studied, with the remainder 
of the activity due to naturally occurring radioelements. 

Results of experiments to simulate the farm-management practice of using cover crops 
for green manures and dry crop residues as amendments have shown that organic materials, 
externally contaminated with fall-out materials and incorporated into soils, are a source of 
fall-out materials to successive crops. Under conditions where cover crops are contaminated 
by fall-out materials, they should be removed from the soil and discarded and not turned 
under for green manure. This also applies to dry crop residues. 

Experiments were designed to show the influence of cover crops on the level of fall-out 
activity deposited at the soli surface and on the successive crop uptai. of fall-out materials 
from the soil; however, the levels of plant activity in crops subsequently grown on bare soil 
that was exposed to fall-cut and on soil on which a cover crop was growing at the time of ex¬ 
posure to fall-out were too low and too erratic to assign any significance to the treatments. 

In a number of cases, the presence of cover crops reduced the deposition of fall-out materials 
on the soil surface to about one-half of the level deposited on the bare soil; however, this 
difference in fall-out activity deposition could not be accounted for In the radioassay of the 
cover crops removed from the soil (Table 4.2). Data showed that the activity of the red-clover 
cover crop accounted for only 1 to 5 per cent of the reduced activity. 

The dimensions of the exposed <coil flats were approximately 12 by 18 in., and the height 
of the plant material varied fro^ a it 8 to 16 in. above the soil surface. Under these con¬ 
ditions, it would appear th-t some relatively large fall-out particles were lodged temporarily 
on the plant foliage, and then the particles were flicked off by wind action and deposited on the 
surface of soil outsld- the portable flat rather than on the experimental soil surface in the flat. 
A similar movement of particles could also occur in a field of growing plants, but the activity 
would ultimately reach the soil surface oi which plants were growing. It appears that either 
portable flats with a greater sell area or natural agricultural areas might give a better as- 
se-rment of the influence of cover crops on surface-soil contamination. 

A- other important factor should be pointed out with respect to this experiment. The data 
given in Table 4.2 show that a greater surface-soil activity was deposited in at least three 
instances m which cover crops were growing on the soil than was deposited on the bare sur¬ 
face These results also suggest that the apparent differences in fall-out deposition might 
reflect natural variations in fall-out deposition on the soil surface since it has been shown that 
fall-out deposition may vary by a factor of 2 or more between replicates of surface soli taken 
a few feet apart from any given sampling area. 

4.2 ANIMAL UPTAKE 

The problem of assessing the biological hazard of radioactive fall-out may be arbitrarily 
divided into two parts: (1) the acute or immediate hazard arising primarily from external 
radiation and secondarily from the metabolism of certain fission products and (2) the chronic 
or long-term hazard arising primarily from the metabolized fission products and secondarily 
from external radiation. The division of the problem is real, the exact dura'Ion >f each phase 
is not. 

DUa are presented in this report which emphasize the fate and persistence of the metabo¬ 
lized fission products for both the acute and chronic aapects of environmental contain I nation 
by radioactive fall-out. 

4.2.1 Source of Metabolized isslon Products 

The fact that the lung may have been an important source from which radioactive ma¬ 
terials were available to other tissues cannot be ignored since the activity per unit weight of 
liver, kidney, muscle, and femur general y were as closely related to the lung as they were 
to the Gl tract Observations that the radioactivity in ihe Gl tract was several orders of 
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TABLE 4,2 —INFLUENCE OF COVER CROPS ON THE REDUCTION OF FALL-OUT 
MATERIALS DEPOSITED ON TUJUNGA SOIL EXPOSED TO PRIMARY FALL-OUT 

FROM APPLE It SHOT 


Soil flat location 

Distance Distance 
from GZ. from mid- 
miles fine, miles 

Soil activity, 4 c /sq ft 

Fall-out contamination 
of total cover crop, 

4 c/sq It of soil surface 

--A-, 

Red clover Wheat 

Bare 

toil 

Under 
red clover* 

Under 

wheat* 

7 

2.4E 

74.5 

27.3 

15.0 

0.242 

1.163 


0.6E 

2070.1 

1053.0 

1487.0 

2.362 

4.113 


0.9W 

2475.5 

3344.0 

2123.0 

1.944 

2.000 

48 

3.2E 

495.9 

201.0 

210.0 


11.953 


0.8E 

646.6 

504.0 

251.0 

4.219 

15.091 


2.2W 

490.1 

217.0 

274.0 

3.289 

4,898 


5.2W 

108.7 


50.1 

1.292 

3.142 


8.4W 

34.0 

32.0 

51.0 

0.273 

0.574 


11 . 2 W 

20.0 

9.0 

9.0 

0.471 

1.143 

106 

34.0W 

19.9 

8.2 

8.2 

0.253 

1.168 


38.0W 

1.2 

1.7 

6.4 

0.238 

0.475 


41.SW 

1.7 

<1 

<1 

0.216 

0.485 


'Soil on which a cover crop was growing at the time o' exposure to fall-out. 


magnitude greater than the radioactivity found in the lung suggest that the lung was only a 
minor source from which radioactive materials may become available to the animals. This 
conclusion seems further validated by the lack of uptake of fission products by Dutch rabbits 
held in restraining cages in the path of fall-out. 

There were four sources from which fission products were absorbed by the gut- (1) the 
ingestion of contaminated 'orage, (2) the ingestion of fall-out from the pelt during preening 
following dust baths, (3) the ingestion of fall-out while burrowing or digging, and (4) the 
swallowing of material cleared from the lungs and nasopharynx. 

Of the four possibilities, the best correlation during the first two weeks following fall-out 
seemed to exist between the levels of radioactivity occurring in the GI tract and the levels of 
radioactivity occurring on the plant material upon which the animal fed (Figs. 4.7 and 4.8). 
Since the nature of the contamination on the plant material has been shown to be predominantly 
the less than 44-4-slze fall-out particles (F.^s. 4.1 to 4.4), it follows that the animal was in¬ 
gesting primarily the less than 44-4 fraction of gross fall-out selectively collected by the 
plant leaves. 

The effect that this latter point can have on estimating the biological significance of fall¬ 
out can be shown by comparing the occurrence of radiostrontium in fall-out material 1 (Table 
4.3). Note that, although the amount of radiostrontium in the less than 44-4-size material was 
small compared to the gross fall-out because of its solubility characteristics, the actual num¬ 
ber of disintegrations per minute of radiostror.tiuru available for biological cycling came pri¬ 
marily from the less than 44-4 material. Note also that relatively more radiostrontium than 
gross fission pri duct was removed by ammonium-acetate leaching. This indicates that the 
radiostrontium was priruaiily on th® surface of the particles, and it was theiefore more 
relatively available than some of the other fission products. 

4,2.2 Animal Uptake as Influenced by the Position of the Sampling Site Within the 
Fail-out Pattern s' D-day to D* 2 days) 

In discussing this topic, it should again be stressed that i ire must be taken to compare 
oniy those animals with similar food habits and animals sampled from similar locations with 
respect to the midline of fall-out (nee Sec 3 2 2) The tissue burdens of mixed fission prod¬ 
ucts relative *o the distame of the sampling site from GZ are shown in F'gs. 4 7 snd 4 8 for 
kangaroo rats and pocket mice sampled from environments contaminated by Met shot fall-out 
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Fig. 4.9 Occurrence of raoioiodine in the thytotdi of kangaroo rats and jack rabbiu con¬ 
taminated by radioactive fall out a* a function of duu ice of the wmpling location from CZ. 
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TABLE 4.3—OCCURRENCE AND BIOLOGICAL AVAILABILITY* JF RADIOSTRONTIUM 
IN FALL-OUT MATERIAL FROM MET SHOT 


Distance 
of sampling 
site from 
GZ, miles 

Size of 
fall-out 
particles, t 

a 

Total 
activity, 
d/m/sq ft 

Biologically 

available 

activity 

d/m/sq ft % 

Total radio- 
strontium,! 
d/m/sq ft 

Biologically 

available 

radlostrontium 

d/m/sq ft % 

Total 
activity 
available 
ae radio¬ 
strontium, % 

20 

>44 

98.000 

5,980 

6.09 

856 

571 

66.7 

0.582 


.’51) -297 

637,000 

355 

0.06 

6,250 

180 

2.88 

0.028 


• j . i.;,c 

369,500 

274 

0.07 

8,730 

34.1 

0.39 

0.099 

58 

>44 

49,200 

1,555 

3.16 

344 

106 

30.7 

0.214 


125-177 

101,000 

743 

0.74 

812 

40.6 

5.00 

0.040 


177-250 

47,950 

364 

0.76 

849 

128 

15.1 

0.269 

140 

>44 

20,900 

550 

2.63 

991 

68.0 

S.8C 

0.325 


88-125 

19,450 

210 

1.08 

137 

24.9 

18.2 

0.128 


125-177 

2,025 

197 

9.70 

154 

19.7 

12.6 

0.973 


'Biological availability estimated by ammonium-acetate Itaching. 

t These data 1 correspond to the particle-size ranges given in Tables 3.6 and 3.7 of Report WT-1178. 
J Time of analysis of all samples was from January to February 1957. 


The levels of plant contamination at each of the sampling areas are included since this is the 
most probable source of the metabolized fission products present in the animal tissues. 

In general, the radioactivity of all tissues decreased with distance from GZ. The activity 
per unit weight of the femur, however, remained relatively constant, instead of declining, for 
both species of animals from €<0 to 140 miles from GZ. The kidney of the kangaroo rat also 
Slowed an unusual pattern with a high level of radioactivity per unit weight at 58 miles, as 
compared to the kidney at 20 and 140 miles. The high value at 58 miles was a mean determined 
from 23 specimens demonstrating a low standard deviation. This suggests that the phenomenon 
is real, although no such variation was observed for the pocket mouse. It is possible that f is 
observation is, in some way, associated with the peculiar physiology of the kangaroo rat, i.e., 
Ihe increased renal reabsorpticn of water. 

The thyroid gland demonstrated a pattern of accumulation similar to the kidney (Fig. 4.9). 
The radioactivity present in thyroid tissue has been satisfactorily identif ed as radioiodine 
(see Table 3.20); and, because of the biological importance of iodine (i.e., in terms of normal 
physiological requirements), *. s pears proper to treat the occurrence of thyroid activity or 
radioiodine separately. Foe the cases illustrated, ii appears that the thyroid bui/en of radio¬ 
iodine was greater at 63 miles than at either 12 or 140 miles from GZ. Note that Fig. 4.9 
shows similar cL*U resulting from fail-out contamination by two separate detonations. Al¬ 
though the conditions of detonation were very different, the peak thyroid contamination in both 
cases oocurre; t about 63 miles. An important consideration to be discussed in Sec. 4.2.3 is 
tha* sampling occurred within 24 to 48 hr following fall-out, or almost 2 weeks prior to the 
time at which the maximum values would be predicted to occur in any one location 

4 2 3 Persistence of Fission Products in Rodent and Jack Rabbit Populations 

Table 3 22 shows the pert?! ••Mice of fission products in various tissues from meal Jack 
rabbit populations serially sampled over a 7-month period The average tissue burdens were 
still above normal at the end of that period. Attempts to estimate the radioactive content of 
the bone above normal demonstrated that it woold be accounted for in terms of radiostrontiuni 
and its daughter product Furthermore, ab Lough the amount of radios! rant turn in the bone was 
constant tietween D • 2 and I) • 10 days, * increased from two to five times within 6 months 
s*‘e Table 3 23>, thereby demonstrating the relative importance of the chrome dose over the 
acute dose m influencing radiostrontium assinidation 

C'nmpur sons were made among the activities oi various tissues front jack rabbits, cotton¬ 
tail rabbits, kangaroo rats, and pocket mice sacrificed on different days alter fall out from an 
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area 12 miles from GZ (see Table 3.21). Since the serial samplings generally yielded only 
one replicate of each species, the reliability of the data is limited in this respect. The impor¬ 
tance of comparing only specimens sampled from the same location at the same time is again 
emphasized by the variations in activity with respect to time, demonstrated by R. megalutus 
and P. maniculatus sampled from the same location but at 36-, 44-, and 72-hr time intervals 
following fall-out contamination (see Table 3.17). 

The activity of the various tissues from the three different species was rather closely 
related to the activity of the GI tract during the 2-week sampling period. This suggests that 
the initial body burdens of fission products are dominated by iff-topes with short biological 
half lives. Therefore, the tissue burden is dependent upon replenishments presumably from 
the GI tract. Consequently, over a short period of time, it is not surprising that the fission- 
prrduct content of various tissues appears related to the concentration of fall-out material in 
the GI tract. The relative decrease in activity of these tissues serially sampled from the 
rodent population did not markedly deviate from that of the radioactive beta decay of the 
mixed fission products measured by Project 37.2. Figures 4.10 and 4 11 show the relative 
persistence of fission products in the various tissues of kangaroo rats and pocket mice serially 
sampled from the midline of Apole I shot fall-out. Similar figures cannot be shown for the jack 
rabbit and cottontail rabbit because their sites of collection were not comparable from day to 
day with reference to the midline of fall-out. The data given in Table 3.21, however, do indi¬ 
cate a similar trend for these two species. 

The activity in the femur of the kangaroo rat population increased up to the third day alter 
fall-out, and then it decreased. During the 6-day period that kangaroo rats were sampled, the 
activities of tissues (other than the femur) were closely related to the activity of ihe GI tract. 
Assuming ingestion as the principal source of contamination, the curves for the population of 
kangaroo rats and pocket mice indicated a rapid equilibrium between the absorbed activity and 
that passing through the gut may have been established for these rodents within the first 2 
days after fall-out. During the 6-day sampling period, there appeared to be little evidence of 
biological concentration of fission produ ts in terms of gross beta activity. 

Figure 4.12, however, shows the persistence of radioiodine in the thyroids of native ani¬ 
mals serially sampled from the approximate midline of Apple U shot fall-out (see Table 3.21). 
The thyroid burden increased gradually throughout the 15-day sampling period. This build-up 
of thyroid activity, which corresponds to similar phenomena described at the Hanford Works, 
is considered to reflect the time necessary for the iodine in the thyroid and in the food supply 
to reach equilibrium. The early thyroid burden is largely estimated by the accumulation of 
the relatively short-lived isotopes of iodine, vvhose fission yield is approximately twice that 
of I 131 . Iodine-133, with a fission yield of 6.62 per cent, a half lift of 22 4 hr, and an average 
beta energy of 0.4 Mev, is suggested as the principal contributor to ear'y thyroid burden 

4.2.4 Interaction of Time and the Position of the Sampling Site Within the Fall-out 
Pattern upon the Accumulation of Fission Products 

Several residual fall-out patterns were defined, and samples were taken along the midlinc 
of contamination in October 1955 {see Sec. 2.3.2). The biological accumulation of fission prod¬ 
ucts existing at that time is summarized in Table 3 23 Figure 4.13 summarizes th» results 
from one pattern dominated by the Met shot fall-out pattern These data appear representativ* 
of the other residual fall-out patterns The environmental contamination, a measure of gross 
residual fall-out contamination, decreased sharply with distance The gross beta-gamma 
activity in jack rabbit bones sampled along the midline of residual fall-out increased to ap¬ 
proximate*, 134 mile*, and then it decreased slightly and leveled off. The radiation levels 
above normal that occurred in the bone were estimated by the presence of radiostrontium. 

The peaking of the radr active content of the t, ..»• at 134 miles appeared more specifically to 
I e attributable to the reia’.'vi !y ! eavy concentration of Sr M 

This was not the first time that such a phenomenon had been observed In May 1954, 1 
year following the Upshot-Knothi le test series, another residual fall-out pattern was s’udied 
to a distance of 130 miles from GZ Once again, soil contamination war shown to fall off 
sharply, whereas the burden of radiostrontium m jack rabbit bones increased to a maximum 
at approximately 130 miles from GZ 
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Fig. 4.13—Occurrence of r.idiostrontium in the bones of Jack rabbits 
s;ur,j icd along the midline of residual fail-out contamination b months 
i'oHo'v<ng fall-out from Met shot. 


Remember that, with respect to the radioiodine data, the peak concentration in the thyroid 
occurred at about 60 miles. The maximum concentration ol radiostroniium in bone occurred 
at about 130 miles; and, in both the 1954 and 1955 instances, the distances are remarkably 
similar, considering the great differences in the conditions of detonation. 

Another parameter is needed to explain these observe ions. This parameter, which also 
influences the biological fate of radioactive fall-out, can be assumed to be the time necessary 
for the parent fission products to decay into the daughter products measured in the samples. 
The radioactive half life of the precursor and its chemical characteristics will determine how 
the daughter product is finally distribute 1 as laii-out material The question as to the late of 
other specific fission products (such as cenum. cesium. -uHienlum, and zirconium) is pro¬ 
posed for study during the next weapons testing program 


4 3 SUMMARY OF FACTORS INFLUENCING THF ACCUMULATION OF FISSION 
PRODUCTS I’Y ANIMALS 

In summary, wr can trace the bn.logical fate and persistence of radioactive fall-out in 
animal* as follows: First, du.iiig participation in various nuclear testing programs, it has 
been found that the predominant size ot fall-out particles greater than 100 .. in diameter de¬ 
creases with distance from G/., whereas the less than 100-*. material does not decrease txn 
remains the same or increases with distance up to 200 mile* fr in. GZ * Furthermore, the 
smaller size material tended to he more soluble and therefore | -itenttally more available to 
the biological cycle 1 Second, the majority of particles reta.ned by foliage were *ielow 44 - in 
diameter, navmg an average sue of approximately 20 

A feasible explanation Is that the accumulation of fission products by grazing antmais i:s 
related to particle s.ze and that. because the plant acts as a selective colter tor of very small 
fall-out particles, the intake 'if radioactive detirts bv animals during grazing tends to be 
s.mila. over a great distance and appears to tie independent 'it total fall-out The amount of 
any specific isotope present is dependent upon the physical and chemical behavior of its iso- 
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topic precursor during fall-out particle formation. Therefore, the amount of am -vecific 
isotope {such as strontium or iodine) at any particular location within the fall-out pattern will 
be highly variable, and the occurrence of areas in which the biological accumulation of that 
isotope is high is to be anticipated. 

REFERENCES * 

1. L. Baurmash et al., Distribution and Characterization of Fall-out and Air-borne Activity 

from 10 to 160 Miles from Ground Zero, Spring 1955, Operation Teapot Report, WT-1178, 4 

1058. 

2. R. Scott Russell et al., The Effects of Operation Hurricane on Plants and Soils, Report 
AERE/SPAR/3, Great Britain Atomic Energy Research Establishment, Harwell, June 15, 

1955. 

3. J. W. Neel et al., Soil-Plant Interrelations with Respect to the Uptake of Fission Products. 

I. The Uptake of Sr**, Cs 137 , Ru 10 *, Ce‘* a , and Y* 1 , Atomic Energy Project, University of 
California at Los Angeles, Report UCLA-247, Mar. 9, 1953. 

4. K. H. Larson et al., The Uptake of Radioactive Fission Products by Radishes and Ladino 
Clover from Soil Contaminated by Actual Subsurface Detonation Fall-out Materials, Atomic 
Energy Project, University of California at Los Angeles, Report UCLA-272, 1953. 

5. H. Nlshita et al., Fixation and Extractability of Fission Products Contaminating Various 
Soils and Clays. I. Sr M , Sr* 1 , Y 11 , Ru 10 *, Cs 1ST , and Ce 144 , Atomic Energy Project, Univer¬ 
sity of California at Los Angeles, Report UCLA-282, Feb. 23, 1954. 

6. E. M. Romney et al., Plant Uptake cf Sr*°, Ru 1Cs , Cs 137 , and Ce u * from Tnree Different 
Types of Soils, Atomic Energy Project, University of California at Los Angeles, Report 
UCLA-234, Jcne 10, 1954. 

7. Quarterly Progress Report for Period Ending December 31, 1954, Atomic Energy Project, 

University of California at Los Angeles, Report UCLA-320, December 1954. 

8. C. T. Rainey et al., Distribution and Characteristics of Fall-out at Distances Greater than 
10 Miles from Ground Zero, March and April 1953, Operation Upshot-Knothole Report, 

WT-811, 1954. 

« 




* 


76 



Chapter 5 


SUMMARY 


The levels of radioactive contamination of biological materials sampled during Operation 
Teapot were generally lower than the levels measured from equivalent locations during Opera¬ 
tion Upshot-Knothole. The conclusions drawn during Operation Upshot-Knothole stiil appear 
to be valid, namely, that portions of radioactive fall-out will be metabolized by animals and 
that the biologically available fraction of fall -out does not necessarily correlate with the 
amount of total environmental contar. ination b> radioactive fall-out. 

During Operation Teapot, the biological accumulation of fission products derived from 
nuclear detonations was studied as a function of (1) the distance of the sampling site from GZ, 
(2) radioactive particle-size distribution, and (3) fractionation of all fall-out material as it 
may vary with distance from GZ. This included studies on fl) the persistence of fission prod¬ 
ucts in plants and animals living in contaminated environments, (2) the availability of fall-out 
material to plants at d animals under various conditions of contamination, (3) evaluation of 
inhalation as s significant phenomenon in the uptake of fission products in actual fall-out 
areas, and (4) the determination of the percentage distribution of the total-body burden of 
certain isotopes in the tissues of animals exposed to fall-out. 

The data discussed in this report are summarized as follows: 

1. The activity measured in plant samples collected from fall-out areas is principally 
accounted for by external contamination by radioactive fall-out particles less than 44 p. 

2. The degree of plant contamination by radioactive fall-out is a Junction of the mecnani- 
cal-trapping characteristics of leaf surfaces and the mechanical distribution of the less than 
44-p-size particles within a distance of 100 miles from GZ. 

3 Fall-out particles less than 44 p in diameter are biologically significant because of 
their high degree of retention on the foliage of forage crops and relatively high solubility 

4 The degree of contamination of plant foliage is related to such conditions of detonation 
as tower height and particle sizes of the surface soil at GZ. 

5 The radioactive fali-out material on plant foliage is persistent, as is evidenced by the 
radioactivity remaining on leaves even after washing in 5 per cent Veraenr and 0.1N HC1 <r 
by the mechanical shaking brought about by severe windstorms 

6 Forage crops cannot be completely decontaminated by washing, nor is it practical to 
do so Normal wishing procedures used in cleaning fruits at ’ vegetables before packaging, 
shipping, and storing for human consumption, however, will aid greath in removing fall-out 
contamination, as does the common practice of peeling or scraping foodstuffs during meal 
preparation 

7. An average of 21.6 per cent of the contamination on leaves is soluble in 0 IN HC1, 
which suggests that a similar percentage of the quantity ingested by grazing animals would 
go into solution m the digestive tract 

8 Small amounts of radioactive material* are absorbed by plants front contaminated soils 
for atxiut the first ear after fall-out deposition Externally con’aminated cover crops and dry 
organic materials tncorpora t*d into soils are sources of radioactivity for successive crops 
grown on these soils 




9. Intensive cropping is neither efficient nor effective in removing fall-out contamination 
from soils. Under the conditions of the experiment, much higher levels of contamination from 
fall-out material of the type produced by Apple II shot are necessary before cr u p plants will 
take up appreciable amounts of fission products. 

10. Cover crops partially shield the soil surface from iall-out contamination. This is 
particularly true for fall-out particles less titan 44 p in diameter. 

11. The tissue burdens of fission products in animals sampled from fall-out-contami¬ 
nated environments tend to decrease with distance from GZ in a manner similar to the degree 
of plant contamination. The activity per unit weight of the femur, however tends to remain 
fairly constant to a distance of 140 miles from GZ. 

12. The thyroid shows a greater tissue burden of radioiodine at 60 miles than at either 
12 or 140 miles from GZ. The thyroid is a qualitative indicator as to whether or not biologi¬ 
cally available fall-out Is present during the first week or two following detonation. 

13. Iodine-133 is believed to contribute largely to the thyroid burden during the first 3 
days following the detonation. 

14. The relative decrease in tissue burdens of fission products in native animals serially 
sampled from the same fall-out-contaminated environment over a 15-day period in most 
cases did not markedly deviate from the environmental beta decay of mixed fission products. 
The radioactivity per unit weight of femur, however, gradually increased until 3 days post¬ 
shot, and then it decreased. The thyroid activity continued to rise throughout the 15-day 
sampling period. 

15. The accumulation of fission products in the skeletons of jack rabbits sampled be¬ 
tween 6 and 7 months following fall-out was still two to five times higher than normal. The 
amount of radiostrontium in the bone had increas'd two to six times over the values deter¬ 
mined between D + 2 and D + 10 days, indicating t. e effects of chronic exposure. 

16. The peak concentrations of radiostrontium in bone measured along the midlines of 
residual fall-out 6 to 7 months after fall-out were at distances between 96 and 134 miles from 
GZ. 

17. Data suggest that inhalation, as compared to ingestion, is a negligible path of uptake 
of fission products during or after fall-out contamination. The extent to which fission products 
may be accumulated through inhalation of fall-out is 3till open to speculation. 

18. In moat cases, the close- correlation between the relative tissue ..ctivity and the radio¬ 
active content of the digestive tract suggests that ingestion is the principal source of tissue 
activity. In the population of animals, the data indicate that a rapid equilibrium between the 
atserbed radioactivity and that passing through the gut may have been established within the 
first 2 days following fall -out. 

19. The accumulation of fission products by grazing animals is related to particle size, 
and, because the plant acts as a selective collector for very small fall-out particles (less than 
44 n In diameter), the intake of radioactive debris by animals during grazing tends to tie simi¬ 
lar over a great distance and appears to be independent of total fall-out. 

20. The amount of any specific isotope present i» dependent upon the physical and chemical 
behavior of its isotopic precursor during fall-out particle formation Therefoie, the amount of 
any specific isotope at any particular location within the fall-out oattern will be highly variable, 
and the occurrence of areas in which the biological accumulation of that isotope is high is to 

be* anticipated. 
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